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HEADQUARTERS, ARMY AIR FORCES
WisSHINGTON

iN RIPLY ROFER TO:

7 November 1944

HEMORANDUK FOR DR. VON KARMAN:

Subject: AAF Long Range Davelopment Program

1. 1 believe the security of the United States of America will |
continue to rest in part in developments instituted by our educational i
and professiunal scientis:s. I am anxious that Air Forces poatwar and
next-war resoarch and developaent prograss be placed on a sourd and
continuing basis. In addit.on, I am desirous that tirese programs be in
such form and contaia svch wall thought out, long range thinking that,
in addition to guaranteeing the seourity of our nation and ssrving az
a guide for the next 10-20 year period, ihat the recommended programs
oan be used as a basi: for adequate Conugressinnal appropriations.

e

2. To assist you and your assooiates in our ourrent concepts of
var, may I review our principles. The object of total war is to destroy
the sneay's will to resist, thersby enabling us to force our will on him.
™o atialn@eal of war's objeoiive divides ilaell lulu lhree phases.
politiocal, strategic and tactiosl. Political action is directed against
the enemy's governing power, strategic action against his eoonomic
resources, and tactioal action against his armed forces. Strategiocal and
tactical aotions are our main ooncern and are governed by ithe principles
of objeotive, surprise, simplioity, mass, offensive, sovement, economy
of foroes, cooperation and security.

3. I believe it is axiomatic that:
a. We as ion are now one of the predominant powers.

b. We will no doubt have potential enemies that will ocon-
ctitvta a continuing threat to tuc nation.

0. While major wars will continue to be fought prinoipally
between the 30th and S0th parallels, north, global war must be con-
tomplated.

d. Our prewar rcsearch and dovelopment has often been inferior
to our enemies.

[ B Offe..:ve, not defensive woeapcns win wars. Counter-
reasures are of secondary iaportance.

f. Our country will not mipport a large standing arwy.
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' Pec setime sconomy requirements indioate that, while the
AAF now Teceives 433 of current War Cepariment appropriation: this
allotment or this proportion may not ocontinne.

h. Obsclete ejuipment, now available in large quantities,
may stalemete deve]~pment and give Coangress a false sense ol security.

1. Whiie our scientigts do not necessarily have the queastion-
able advantage of basic military training, conversely our AAF officers
cannot by necessity be professional scisniists.

3. Human-sightad (and perhaps radar or television asgsisted)
weapons have more potentiasl officiency and flexibility than mechanically
assisted weapons.

k. It i= a fundamontel principle o1 American democracy that
personnel sasualties are distasteful. We will continus to fight mechani-
oal rather than manpower wars.

1. As yet we have not ovsroome the problems of great dis-
tances, weather and <ar-kness.

n. More potent explosives, supersonic speed, greater mass
offensive efficiency, inorszsed weapon flexibility and control, are
requirements.

n. The present trend toward terror weapons such as buzz
bombs, phosphorous and napaim may further continue toward gas and
bucteriological warfare.

4. The possibility cf future majcr wars cannot be overlooked.
We, as a nation, may not always have friendly major powers or great
ocsanic distances as barriers. Likewise, I presume methods of stopping
airoraft power plants may soon be available to our enemjes. Is it not
nov possible to determine if another totally different weapon vill re-
place the sirplane? Are manless remote~ocontrolled radar or televiasion
assisted precision miiitary rockeis or aultiple purpose seekers a
possibility? Is atomic propulsion a thought for consideration in
future warfare?

5. Except perhups to review current techniques and research
trends, I aw asking you and your asscciates to divorce yourselves from
the present war in order to investigate all the poasibilities and
desirabilities for postwar and future war's deveiopment as respects
.. SAF. Upon completion of your studies, pleass chen give me a report
or guide for recommended future AAF reserrch and development programs.
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May I ask that your fiual repoyt also include recommendations tc ‘he
follow.ag questions-

a. What assistance should we give or ask from our educational
and commercial scientific organizations dvring peacetime?

b. Is tne timo approaching when ail our scientists =+ their
organizations must give a small portion of their time and resourc.s
to assist in avoiding future national peril and winning the next war?

c. What are the nest methods of instituting the pilot produc--
tion of required nonrevenue equipments of no commercial value developed
exclusively for the postwar pociod?

d. What proportion of available money should be allocated
to research and development?

6. Pending completion of your final report ,may I a3k that you
give me a short monthly written progress report. Meanwhile, I have
specifically directed the AC/AS, OCAR (General w._sun) to be responsitie
for your direct administrative and staff needs. Also, as I have already
told you, I welcome yo': and your associates into my Headquarters. May
I again say that the services of the AAF are at your disposal to assist
in solving these diffiocult problems.

W s
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HEADQUARIZRS, ARMY AIR FCRCES
WASBRINGTON

N REFLY RUR TO-

. 15 December 1945

General of the Army H. H. Arnold
Commanding General, Army Air Foroces
Washington 25, D. C.

Dezr General Arnold:

*In your basic memorairdum of the seventh ol November 1944,
you direoted me to prepare a rsport as a guide for recomrmen-ed
future Army Air Forces research and developaent prog:.ess.

In cooperaticn with a group of selected assoociates, ex—
perts in various bran~*ex of ‘he soiencss involved, I have tried to
reviey the gsientific re irsments involved in the functions of the
future Air Forces, and I submit herewith the rasults of our stuvdy.

The first volume contains a discussion of the relation
hatwsen scianns and aerial warfare; an analysis of the main ressarch
problems of the air forces, from the point of view of its functions;
and recommendations on orgsnization of research. The.twelve volumes
which follow contain thiity-two soientific monographs, with detailed
research programs in specific fields.

The general conclusions of this study may “e summarized
as follows.

1. Ths discovery of ato-io means of destruction makes a
poworrul Air Forces even more imperative than before.
This subject is discussed in Chapter I of the first
volumo.

2. The sciontifle aiscoveries in serodynamics, propul-
sion, eleotronics, and nuclear physics, open new
horizons fcr the use of air power.

3. The next ten years should be a period of systematioc,
vigorous development, devoted to th. realization of
the potentialities of scientific progress, with the
following prinuipal goals" superson’c flight, oilot- /
less airoraft, all—weather flying, perfeoted naviga—
tion and comwunioation, rémote-controlled and auto- |
satio flghter ani bomber forcss, and aerial trans— ‘
portaiion of entire armles. ’
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The research problems, as analvzed in Chapter il of
the first volume, should be considered in their rela-
tion to the fuuctions of the Air Foroces, rather than
as isolated scientific problems.

Therefore, development ocenters should be established
for new types of aquipment and for making nove?
methode suggested by scientific discoverins practiocal.
Such development centers for definite tasks are more
efficient than separats laboratories for certain
branches of science.

The use of scientifio means and equipment requires
the infiltration of scientific thought snd knowledge
throughout the Air Forces and, therefore, certain
organizatory changes in recruiting porsonnel, in
training, and in staff work. rertinent suggesiions
ars made in Chapter 1II of the first voluws of this
report.

A globe! strategy for the anpliocation of novel equip-
ment and x-thnds, ¢specially pilotless airora. .,
should be studied and worked out. The full appilca—
tion of air power requires a properly distriouted
network of bases within and beyond the limite of the
aontinental United States.

As new squipament beoomes available, experimental pilot-
less aircraft units should be formed and personnel

systematically trained for operation of the new devioces.

According to the outcome of a practioal testing period,
a proper balanse between weapons direoted by humans,
assisted by electronic devices, and purely autowatioc
weapons should be established.

The men in charge of the future Air Forces should al-
ways remember that problems never have final or univer-
sal solutions, and only a constant inquisitise uttitude
toward 3oience and a ceaseless and swift adaptation to
new cavelopments can maintain the ssourity of this
nation through world air supremacy.

In your basic memoraxdum, you alsc desired recommendations
-s @ following questions:

What assistanca should be given 7r ask frow our eduoca~
tional and commercial scientific organizations during
peacetine?

— —————
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b, Is the tiae approuching when all our scientists and
their organizations must give a2 saall portion of
thoir time and resourcos to aseist .n avoiding fu-
ture national ' aril and winning the nsxt war?

"gc. What are the best methods of institu‘ing the pilot
producction of required nonrevenue equipments of ne
commercial value developed exclusively for the post
wvar period?

"d. What proportion of availabls money should be alloocated
to research and development?"

Recommendations on the first three points are included
in the sections of the report dealing with cooperation béiween
science, irndustry, and the Air Foroes. I am somevhet reluctont to
give a definite answer to your fourth qusstion. I prefur to submit
the following consideration. The money to be allooated for research
and Jdevelopsent should be related to the cost of ome yoar'e aerial
warfare. It appears that spending for research in peacetime five
percent of one War yesr's expenditurss, in order to be preapred
for or aveid a future wa;. is not an exaggeraied drain on the nation's
pooketbook. A quiok inquiry sbhowed that our largs industrial oon-
cerns spend 8 peroentage of thas or’ - of t ¢ tutal sua involved in
their year's business for researoh. If 14 pescetime 18-20 percent
of the sum spent in a wa~ year wers allowed for total expenditures
of the Air Foross, the asount required for research ari dcvelopment
should constitute £5-33 percent (f tue total Atr Foroc . budget.

Respeotfully yours,

TH. VON KARMAN
Direotor
AAF Soientific Advisory Group

T ARURCH AN - N
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The AAF Scientific Advisory Group was activated late
in 1944 by Craera! of the Army H. H. Arnold. He se-
cured the services of Dr. Theodore von Karman, re-
nowned scientist and coasuleant in seronautics, who
agreed to organize and direct the group.

Dr vos Karman gathered about him s group of Ameri-
can scientists from every field of research having a
bearing on sir power. These men then snalyzed im-
portzat developments in the basic sciences, both here
and absoad, and attempied ic cvaluate the éifects of their
spplication to air power.

This volume is one of a group of reports made to the
Army Air Forces by the Scientific Advisory Group.

onvelne ink offetiing the astionsl doforse of # . United States withia
e, i cramembision or the
of B wetonls in eny momer to on sthorined paresn s prohiblied by lew
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SCIENCE AND AERIAL WARFARE

INTRODJUCTION

1.1  There have been two wars on & world scale in our tirae, in which the pendulum
of victory seemed at first to swing far out in the direction of our enemies before iadi-
cating the final decisioa. Ln the First World War, victory or defeat was decided main-
ly by bumsn endurance. Science snd techaology played sa important but to some
extent » <~ccadary role. It is true, of course, that the superiority of the Allies in the
Jesigr production of tanks, as wel! as the paralyzing effect of the complete block-
ade ¢ Sranches of German industrial production, contributed very essentially
to Ger. any's defeat in 1918. However, the complete exhaustion of human endurance
on the Gernan side was the main factor in the decision. The second war had, from the
beginning, s techaological chusaiscr. The overwhelming technological preparstion
dcmmodhuﬁubrﬂﬁmmonmchmmmmunem-
comings of the Luftwaffe in strategic bombing and the lack ot experiencs of the Ger-
man Army and its consequent poor preparation for amphibious opemtions, caused
the sttack sgainst Englaad to be stillborn. The mounung tide of Allied, especiclly
American, air power became finally the main factor in Germany’s defeat. Even ia the
Mwﬁom'uyldwdanmdthcm'mpm:hcm
inpmmhmuhmpﬁngﬁonhy.ﬁoMnmxhdquwdn
West could ot have been achieved withous techaological superiority, due pasdly to
Mndpdymmmnwu'dpdmmw
character of this war is the fact that the time in which superiority in aircraft could be
ndlndmmwmlmdwdpmddnmmd
the was. Ths pacdictions were fairly well verified by the actual events.

1.2 In addition to the technological character of this war, s new aspect became
evident, which did nor appesr s0 obviowsly in the war of 1914-1918. This new ele-
mest was the decisive contribution of organized rcience to effective weapons. Of
course, scientific discoveries bave besa used in all wars since ancioat times; it isre-
Mbtmﬂgﬁummmmm&thmbymd
hrpnirmnwdomymysupﬁm,mbdonhnnchhrpn-bm
of ¢+ vatific workers besa united for planned evainstion sad milization of sciestfic
idmb:nﬂhqm&umnﬁumdudwmmdnm
are, oo our side, radar and stomic bombe, 422 va the Gesasn side, jet-propaiied
miseiles.

1.3  The recogaition of the growing technological character of modeza war
partly emarged from «  :xperiences of the First World War, and the scientific charac-
ver of any future warfi. socomes obvious in the light of the war wii b tas just zads !,
in this report an asteraps is made to formuiste some o€ "L consequences «f this cos:-
ception for the program of the Air Forces.

] | V-46577
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.8 It i- evident that preparations must be made for strategic bombing of enemy
wargets involved in atomic work, by proper location of bases, especially bases for
pilotless sirplanes. In the past, systems of fortification, communication lices, and trane-
poretion facilities were built according to the strategic requirements of warefare on
land and on sea Today’s ~*rategic considerations refer fo the three-dimensional space
surrounding the globe. They must be worked out with the same imagiv=iior »1d
thoroughness displayed by old-time strategists in solving the problems of attacking
and defending certsin lines extending on the surface of the earth, or certain points
which controlled trafic on the seas.

1.9 It may be argued that the devastation and loss of life caused by atomic bombs
is 3o tremendous thut total atomic warfare will never occur. I believe the answer is
the following: No man in the past centuries could, by any stretch of the imagination,
foresee the devastation and loss of life produced by two consecutive wars in our time.
Humaans adjust themselves rapidly to new concepts. What is considered an incredibly
Inrge loss of life today may appear inevitable in years to come. I believe we must agree
with Dr. Einstein’s view that, even in case of total atomic warfare, humanity and humaa
civilization will not disappear. The number of lives lost in the two wars, which were
separated by a relatively shox. interval, appears to us certainly disastrous. However,
there is no proof that economic pressure and humr passion cano~t produce conflicts
which lesd to the annihilation of one-half or two-thirds  ‘he ~ | Aation of a country.
Preparedness certainly has to make provisic as for such possibilities.

1.10  The second assumption (that intc rnational cont nl of atomic encrgy . 1i be
achieved bur will require support by force) seems .. - - ihe most prnbable sulution
of the atomic problem within the next decades. Then, the main responsibility of the
Armed Forces will be the enforcement of international sgreements. Here again the
nation must rely on a powerful air force. It will be necessary to strake at any arbitrary
point of the globe, to strike swiftly and forcefully. History shows that international
agreements have not protected the signatories and have not prevented wars, cither
because there were no means available for swift and forceful action, or because politi-
cal reasons prevented their use. No branch of the Armed Forces except the Air Forces
can perform the required action in time to be effective.

1.11  The same requirements #2 it ihe second case apply to the third assumption
(unexpected treacherous attacks cannot be excluded in spite of international agree-
ment). Howevér, in the larter case the matter of efficient defense must be emphasized.
It must be realized that s one hundred per cent safe defense is impossible. It is easier
¢~ e offensive action efficient by scientific means than defensive action. The high
speed of pilotless airplanes and missiles makes them almost safe sgunst & hit; no
cifective means is yet known for stopping such .iussiles, once they are launched, and,
the fac’ that one single air plane or missile is able to drop 2 bomb of immense destr:-
tive power puts an slmost impossibie task on the air defense. All that we can hope is
that sbsolute air superiority, combined with highly developed and specialized warning
and homing devices, will help us to erect an impregnable seroeleci.cuic well, whivh
will reduce to a minimym the possibility of any enex” \ievice slipping through vnd:-
tected and undestroyed.



1.12 The main conclusion of these considerstions is the necessity for a powerful
air force, which is capable of:

a. Reaching remote targets swiftly and hitting them with great destructive power.

b. Securing air superiority over any rcgioa of the globe.

¢. Landirg, in a short time, powerful forces, men and firepower, ar az,; poin.
on the globe.

d. Defeading 01r own territory and bases in the most efficient way.

1.33  Itis evident that only an sir force which fully exploits all the knowledge and
skill which scieace has available now snd will have avaiiable in the furure, will have
a chance of sccomplishing these tasks. Aerodynamics, thermodynamics, electroaics,
auclear physics, and chemistry must reunite their efforts. In the following section, a
short review is given of the most important scientific facts. These facts are important
elements to be considered in selecting and training personnel and developing equip-
ment for the future Air Forces.

SCIENCE'S MAIN CONTR®{ITIONS

1.14  The development of aviation isa mggle against the limitations imposed by
nature upon mau, created to live on the ground, but nevertheless endeavoring to move
in the unlimited space surrounding our globe.

1.15  As the problem of heavier-than-air locomotion was sclved in principle by
the discovery of the airplane, speed and range were confined 0 narrow limits. Wea-
ther and night appeared as insurmountable obstacles, and human skill seemed to be
sn indispensable element for diverse uses of the airplane in peace and war.

1.16  Science has already removed msuy of these limitations:

s. By gradual improvement in serudynamic design, the velocity and economy
of the airplane have been greatly increased. Airplane designers have centinuously
endesvored to eliminate all possible drag which impairs economy: i.e., the parasite
drag, by attempting to make the aircrafe essentially into a flying wing; the turbulent
friction of the air by creating laminar flow around the wing. In recent years our know-
ledge of supersonic phenomena haz incretsed the velocity of the sirplane and brought
it closer snd closer ic the speed of sound, which for a long time appeared as a nctural
upper limit. This knowledge bas cpened the door for winged aircraft, both piloted
2aC pilotless, to the threshoid of velocities faster than sound, Unatil now only unmanned
ballistic devices have acnined such speeds.

Novel propulsive s7stems, using the reaction or jet principle, have facilitated
'l‘f reaching of high speeds, because of their :sdv-.-ed weight ¢ad increating efficiency
with increasing speed. These systems replace the conventional engine and propeliss
st high speeds because the efficiency of a propelier decreases greatly when very high
speeds are attained. The rocket prin.iple mazes propulsion independent of the nse

of the atmospheric air and rocke: driven aircraft are sble to reach extracridinley
llutudeg in an extremely short time.

€ By graduai improvement, both in serodynamic design and in engine construc-
tion, the performance and ~conomy of airplane t- snsportation nave been tremendcusly
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1.12 The main conclusion of these considerat.ons is the necessity for a powerful
air force, which is capable of:

3. Reaching remo:c targets swiftly and hitting them with great destructive pos-er.

b. Securizg air superiority over any regicn of the globe.

c. Landing, in a short time, powerful forces, men and firepswer, at any point
on the globe

d. Defending o~ own territory and bases in the most efficient way.

1.13  Itis evident that only an air force which fully exploits all the knowledge and
skill which science has available now and will have available in the future, will have
a chance of accomplishing these tasks. Aerodynamics, thermodynamics, electronics,
nuclear physics, aad chemistry must r2unite their eforts. In the following section, a
short review is given of the most important scientific facts. These facts are important
elements to be considered in selzcting and training personnel and developing equip-
ment for the future Air Forces.

SCIENCE'S MAIN CONTRIBUTIONS

1.14  The development of avistion is a nmggle against the limitations imposed by
nature upon man, creuted to live on the ground, but nevertheless endeavoring to move
in the unlimited space surrounding our globe.

1.13  As the probles of heavier-than-sir locomotion was sclved in principle by
the discovezy of the sirplane, speed and range were confined o narrow limits. Wea-
ther and night appesred as insurmouatable obstacles, and human skill seemed to be
an indispensable element for diversc i:ses of the airplane in peace and war.

1.16  Science ha: already removed many of these limitations:

8. By gradual improvement in serodynamic design, the velocity and economy
of the sirplane have been greaty increased. Airplage designers have continuously
endeavored to eliminate all possible drag which impairs econmy: i.c., the parasite
drag, by attempting to make the aircraf essentially inu~ & flying wing; the turbulent
friction of the ai- by creating laminar flow around the winy In recent years our know-
ledge of supersonic phenomens has increased the velocity of tae airplane and brought
it closer and closer to the spend of sound, which for a long time appeared as a natural
uppe- limit. This knowledge has cpened the door for winged aircraft, botk pifotad
a6C pilotless, to the threshold of velocities faster than sound. Until now only unmanned
ballistic devices have actained such speeds.

b. Novel propulsive systems, using the reaction or jet principle, have facilitated
th.e re.nching of high speeds, because of their reduced weight and incressing efficiency
with increasing speed. These *ystes replace the conventional eagine sad propeller
at high speeds because the efficiency of & propelier decreases greatly when very hig!.
speeds are actained. ‘The rocker principle mskes propulsion independent of the use

of the atmospheric nir snd rocke: driven sircraft are able to reach exiranrdindry
altitudes in an extremely short .ime.

. By graduai improvement, both in aerodynamic design and in :ngine construc-
tion, the performance and economy of tirplane transportation have been tremer.dously

4,




increased. The spectacular increage in the ratge of our militry sircraft and in the
carrying capacity of our cargo sircraft is un indication of improved economy. Although
essential improvements in serodyuamic and engine design can be expected to increase
airplane ~«conomy further, the amount of heat which ceu be relessed by combustion of
our most eficient fuels per unit weight or per unit volume, imposes a serious lirit >0
on any large increase in range with conventional fuels. The use of nuclear enerry,
however, may radically change this situation and help to reach almost unlimited ranges,
at least in the case of sircraft which do not carry humaa beings.

d. Navigation and instrument flying were greatly aided by use of the radio even
in its early stages of development. The recent extension of the spectrum of radiation
dowa to centimeter and millimerer wavelengths, and the wpplication of the pulse and
echo principles of radar, opened fundamentally new possibilities in the struggle of
avistion agains: weather, clouds, snd darkness. Blind landing, blind bombing and
location of remote snd invisible objects (sircraft or targets) are pa:amount exampies
of the coatributions of radar technique. Seeing through darkness by night and seeing
through clouds by day became routine facts in military avistion. Fighter control {rom
the ground became an importas’ element in warsfere. It appears that 2 wide-open field
exists for progress in communication and other applications of radio and clectronics
which are discussed st length in “Rs-'ar and Communications,” by other members of
the AAF Scientific Advisory Group.

e. Gradual improvemeants in gyroscopic devices led to the automatic pilot, which
materiaily relieves the human pilot. In addition, the development of gryo and servo-
motor devices made possible s grest variety of remoce control systems. Since we are
able to transfer optical impressions by television devices, aircraft or missiles can be
piloted to distant points from the ground or from the air by remote controi. Radar
location devices similarly can be applied to the remote control of sircraft.

f. The progress in electromagnetic radiation techniques made sutomatic homing
(target soeking) possible and effective. A radas homing bomb was in use by the U. S.
Navy in the Pacific at the close of the war. Infrared (heat) radistion proved to be one
of the most promising methods. Radio, infrared, and radar have been anplied to the
problem of the proximity fuse 20¢ viil nave wide applications in target location. Radar
has been found extremely useful in sutomatic fire control. Along with automatic hom-
ing, the design of sutomatic computers became s great practical domain of military
engineering.

3 Combinstion of methods of sutomstic snd remomc control with boming
devices will lead to a complete solution of the problem of pilotless sircraft, baving
tremendons speed, extraordinary range and sbility to hit targets sccurately. Although
pilotless aircraft will never completely eliminate manned aircraft, they obviously wiil
take over certain missions. Both in tue German and in the Jspanese thesters, cur
strategic bombing forces brought uster destruction to our enemies with the clocklike
accuracy of a great machine. The future sim is to build v, for this purpose, 8 wa.
machine in the proper seuse of the word, consisting of cechnical devices only, .ud yet
directed in sll detils by the mind and staff of scme master strategist of the air.



PLAN OF ANALYSIS

1.i7  The abundance and variety of applications of scientific ideas and devices in
aerial warfare, sketched very briefly above, put a tremendous tusk before the men
responsible for tize future Air Forces. For the most part the scientific foundation of the
spplications mentioned bas already been laid, and other applications will emerge as
scientific research continues to be productive of new knowledge.

1.18  The scientific-technologica! questions are oanly a smsll part of the while
problem. We are fully aware that s rcport prepared by men of science can contribute
only s small pert of the solution.

1.19  Chapter II of this volume anslyzes the problem cf research and development
from the point of view of the technical requirements which the Air Forces must meet
in order to be sble to carry out its task, securing the safety of the nation. It appears
that the main requirements in which scientific methods, scientific research and develop-
ment play an important role, may be listed as the abilities ro:

8. Move swiftly and transport loads through the air.

Locate targets and recognize them.

Hit targets accuratel;

Cause destruction.

Function independently of weather and darkness.

Defeat enemy interference.

Perfect communications from ground to air and from air to air.

Defend hoai¥ territory. '

‘1.20 Chapter III contins recommendations of an organizstory character as fol-
ows:

Fe ™o a0 g

Fundameatal principles for organizstion of research.

Cooperstion between science sad the Air Forces.

Cooperation between industry and the Air Forces.

Adequate facilities in the Air Forces for research and development.
Induction of scientific ideas into command sad staff work.

=8 a0 pp

Scieatific and technological training of Air Forces personnel.

1.21  Further volumes of thus general report contain individunl studies prepared
by members and collsborators of the Scientific Advisory Group on the main scientific
“topics. They may be used as s kind of gride for the direction o Sutere research, searting
from the present state of the art towsrd the realm of the unknowa to be revealed in the
years to come.
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ANALYSIS OF RESEARCH PROBLEMS

MOYE SWIFTLY AND TRANSPORT LOADS
THROUGH THE AIR

2.1 This fundamental problem can also be described as the problem of the aerial
vehicle. It includes the design and construction of manned and unmanned aircraft,
subsonic and supersonic.

2.2 Looking back to the past, the seronautical engineer certainly can be proud of
the performance of the present day airplane. Speed, rate of climb, and rangé have beca
multiplied by factors of considerable magnitude in the twenty-seven ye.rs since the
end of the First World War. A great portion of the progress was achieved during the
last decade in the six years of conscious preparation by the Army Air Forces and in
the four years of actual warfare. However, if the problem of war in the future is con-
sidered, wc conclude that our best present type airplanes are still far from doing the
job which they will have to schieve.

RANGE VS. SPEED

2.3  The two great problems of aerial locomotion are range and speed. The ideal
solution is s combination of both.

2.4  Range is imperative because of the global character of aerial warfare. We have
10 reach enormous ranges, distances as great as halt of the length of the equator, in
order to be able to attack and occupy points located anywhere on the globe. With the
possible exception of an sirplane driven by atomic energy, the design of aircraft to
carry very heavy loads to shorter range.; is essentially the same problem, because of
the interchangeability of fuel and pay load.

2.5  Speed is imperative for effective action, safety against enemy countermeasures
froi the ground, and superiority over enemy aircraft.

2.6  Hence, it appears that for the crystallization of ouz 1deas concerning the de-
sired performance of future aircraft, we have to see clearly the fundamental relstions
between range and speed. The ran,~ of an sirplane depends on three factcrs: (1) rat'>
between drag and lift, (2) fuel consumption per unit thrust horsepower, and (3} ratdio
becween the weight of the fuei aad the total weight of the airplaae, at the beginning of
the flight. The first factor is determined by serodynamics of the iarplane, the second,
by serothermodynamics of the propulsive system, and the third, iy LORSEUCEID
material.
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2.7 The critical factor is the lift-drag ratio, which decreases abruptly at tiic ap.
proach to sonic velocity and in the supersonic range never again attains the favorable
values realized in the subsonic regime. Even if we are very optimistic as to the future
developments of our superson.c serodynamics, it is improbable that the extreme
ranges possible for subsonic sirplanes can be reslized for supersonic planes. On the
other hand, the belief that supersonic flight is restricted to extremely short zau;es is
too pessimistic. For instance, if stomic energy can be used for propulsion, the ringe
of jet and rocket planes will increase to uoprecedented values. However, even with
present fuels, improvements can be expected in the design of jet propulsion units
which would bring the range of supersonic planes to 1500-2000 miles in the sub-
stratosphere and 3000-3500 miles in the steatosphere.

2.8 Inthe example represented by the diagram, the ranges are shown for two values
of the ratio between fuel and initial weight, 0. and 0.7. For the lift-drag ratio and the
therms] and propulsive efficiency of the propalsive system, best current values are used,
aad rhe flight is assumed to be carried out at the optimum values. ‘Tae ranges given re
for level flight at 20,000 ft aititude; fuel for take-off #nd climb is not considered.

2.9  The ranges realized o realizzble with present engineering methods are dis-
cussed in detail in the repor- “The Airplane — Prospects and Problems” by W. R.
Sears and 1. L. Ashkeoas, in the SAG report Asredysamics and Aivcraft Design. The
attainment of the values shown in the diagram, page 15, necessitates considerable im-
provements in acrodynamics, both in the subsomic and supersoaic ranges, and radical
changes in the propulsion units used in the supersonic range. At supersonic speeds
the frontal ares of the engine requires ior given thrust is the greatest impediment
and must be grestly reduced. The ranges givea in the diagram should be considered
as gouals of a systematic effort of the next decade to be achieved by close cooperation
between airplane and engine research groups. ‘

ARPLANE TYPES

2.10 i No attempt is made 10 write the specifications for the aircraft of 1965; how-
eves, it appears possible to indicate cerizin general funcrional requirements of future
sircraft. The following clsssification is based on the unalysis-of the faactions of the
Air Forces given in paragraph 1.12.

2.1  The firsc function of the Air Forces is to reach swifly, and hit with great
destructive powsr, remote wrgets. Two classes of aircraft will be used for this function:

s. An circraft which carries the means of destruction 0 the tacget and returns to
fr< -+ - or lands at some other predetarmined base. This is the bomber in the proper
sense of the word.

b. Aa aircraft which is expendable and hits the target by means of remote contr+3i
or sutomatic honing, i.e., s pilor'+ss bomber.

2.12  The development of bomber aircraft, in the proper sense of the word, will
probably contiaue for &t fow years the tread followed in recent yeas:. However, it -
oot eavisioned thas bosabers will continue t0 grow - suse. Increase of size ~sunot
continue 10 incre~ss speod' and range indefinitely, but may be ascessasy to permit carry-



ing suffici-nt defensive armament. Such 2:mament in the future wou!d include radio-
controlled nigh-speed missiles, launched from the bomber, which would serve as
fighter cover in case of necessity. The greatest increase of speed and range must be
accomplished by improvements in aerodycamics and propulsive methods.

2.13  In the field of pilotless bombers the goal is the intercontiventsl sui.vile.
We assumc a system of bases distributed in such a way that all possible tarpet acens
in the worid can be reached by such missiles. Two types of pilotiess bombers should
be developed for this purpose. The firse type should be a high-sltitude, pilotiess, jet-
propelled bomber, with a spezd equal to about twice the velocity of sound. This pilot-
less bomber will carry cither atomic or conventionsl bombs. Launched by rockets or
lifted to high altitude by piloted sirplanes, it will be capable of level flight up to a range
of 2500 to 3000 miles. The second type simed for should be un ultrastratospheric
pilotiess bomber, equipped with wings, but not designed for level flight in the stmo-
sphere. )t should be endowed with extreme velocity during the scceloratics period.
The wings will be used for two purposes: (1) to increase the length of the trajectory,
and (2) to secure s controllability which is not possible with the pure V-2 type pre-
jectile. The propulsion of this type of pilotless bomber will be accomplished by the
rocket principle.

2.14  Atomic energy may be used for propulsion in both types of pilotless bombers,
thus increasing their ranges to an unprecedented extent. (Cf. 2.51 to 2.36.)

2.15  To secure air superiority various types of combat aircraft will be oeeded.
Tactical requirements will detersiine their design. The two principal categories
wﬂ!dwmhho-b«nndighmnhhughthmwmbemmpphgohhcddu
ofthuo.uupmndmbonbcaudighmwmdsobcdﬂdopedforhiguy
specislized auxiliary tasks, such as photoreconasissaace. The very large bastleship of
the air, beistling with defensive armament, seems destined to give way ultimately to
smaller bombers having superior performance, fighter control, etc.

2.16  An important problem is the development of special aircraft for virborne
armies. These sircraft must be capable of cruising st comparatively high speeds, while
uillnulnin‘thoabiﬂtytohndu\dukeolunh.lovspecdsfromumllhldl.
Vigorous spplication of jet-assisted take-off, bouadary layer control, high-lift devices,
and deceleration devices on tzoop-carrier sircraft can make thisposcible. Troop-carrier
sirplanes muss aiso be specially designed for rapid snd 2asy loading and uniosding of
bulky items of ground equipmest.

2.17  EBvery item of equipment in the Army (natusally, with she exception.of railway
guns, neavy seacoas: defense guns, and the like) must be ais-crancportspie. However,
xhenmb«ofdilumqpuuddsuolmop-mxl«drphwdwdopdm be
keptdownwapucdulnhinmﬁmhlnmadlmnndﬁoruov«-—llm«ly o’
mcvd.hmdwwudﬂaymdqﬂpmhMAmy.
Oﬂynwﬂpwcmdymshwwhatqpnmddmdm«oop-a:dudrmﬁ
are nmﬂuhnybynlrwhhpmpouibl&‘duq.ﬂmu.m
ecatire burdon of makir'g the Army sir-transportable must not be aliuw ad to fiii sote’?
ouhcalrcnhdedpcc‘l‘hmmbcmw:hodtm.mcofmuolovmthcwdzhu
/' and dimensions of Army equipment to insure that fature equipment will be capable of



being tarricd in future aircraft. This can be done and must be done witngui compro-
mising battlefield requirements in any way. The cargo sirplane and grovad equipment
devilopment programs must be coordinated at frequent intervals hy an agency charged
with the specific responsibility of making the Army capable of movement by air.

2.18 Gliders were used on s large scale (and with great effectiveness) ‘e <he firse
time in the sirborne operstions of World War II. The development of ghucrs and
glider techniques must be continued since, at the present time, this is the safesq, cheap-
est, niost acceptable method of landing hesvy equipaent during the assault phase of
an sirborne operation. New glider developmentz should sizess the following: ade-
quate crash protection for crew and cargo; low landing speeds and use of deceleration
devices for shortening the length of landing ground roll; rapid unloading through
wide, rear-loading doors; adequate protection sgainst amall-arms fire for pilot und
copilot; greater aerodynamic sad structural efficieacies through the use of high-lift
devices and metal construction; and the use of assisted takeoff techniques for decreas-
ing the length of take-off run required by giider-towplane combinations. New gliders
(towed-aircraft) must be and can be ensily desized for rapid conversion to fow-
powered transports. This will eliminate some of ¢ major shortcomings of gliders
because fecrying to combat :he-ters and use a3 short-haul transports between sirborne
missions will be possible. The advantage of having such a transport, which can be
easily and rapidly loaded and unloaded, for short-hsul work immedistely behind the
lines cannot be overemphasized. Promising new techaiques for the assaul: isnding of
heavy equipment must be developed sad evaluated tactically, Important among these
are the assanlt transport, the method of dropping heavy equipment by mesas of pars-
chutes and decelerating rockets, sircraft with jettisonsble cazgo compartments, and
rotary-wing aircraft. Stable (nonoscillsting) parachutes with lower opening-loads
must be developed for parstroopers. )

219  The possibility of attacks by dingle aircraft with disastrous effecrs rankes the
defense of our frontiers, industrisl equipment, and bases one of the most important
tasks of the Air Forces. Piloted and pilotless interceptors are envisaged as the main
instruments of defense. Speed and controllability are the main requirements for this
type of aircraft.

AIRODYNAMIC PROBLEMS

2.20 Improvements in the lift-drag ratio proportionsately increase the range of
an airplane. Therefore, efforts should be concentrated to attain such improvements.
in 1935, aa eminent American serodynamicist, who, ironically enough, ister became
in.trumental in the development of the lamisar wing, dnclared that in his opinion
nu more major progress can be expected in serodynamic science. He refacred to e
fact thet with che discovery of the wing theory, lift and drag became calculable quaati-
tics, and the performance of the wirplanc could be fairly exscdy predicted. Also, the
designer learned the rules of streamlining and methods of slimineting supsrfivous
drag by. “cluni-ng up” the airplane. By use of systeiatic and demiled witid-ruinnel
tests, this cleaning vp process became almost pestoct, so that further inprovements
can be expected only in exceptions! cases. However, even in the fairly well evpiored
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subsonic wveed range. new poscibilities appeared with the discovery of the laminar
wing section and the efforts to design an efficient flying wir.g.

221 The concept of the lsminar wing is based on the fundamental fact that whea
the flow in the boundary layer of a surface moving in air is laminar, the surface friction
is very much less than in *4e case when turbulent motion takes place in the same layer.
Tiue laminar wing sections which we are using in the present-day design. c=dea =+ to
keep the boundary layer laminar over a portion of the wing surface by means of an
sppropriate shape of the section. This method was applied in the design of quite a few
of our modern airplanes, with considerable success. The proposal was first received
with skepticism. Several objections were raised; that the expected effects of drag re-
duction could only be obtained if the wing surface is extremely smooth, aed that the
beneficial effect could only be artained for small ralues of the lift coefficient, thus
restricting the benefit of the reduced friction to certain flight attitudes. Neveitheleqs, it
appears that the initial successes of the laminar wing are so encouraging that in future
research we should strive to go the whole way, i.e., to try to securs laminer flow in the
boundary layer by positive measares along the entire wing and in a large range of
angles of attack. It is known that theoretically this sim can be attained by the so-called
boundary layer control. Resu'ts slong this line are siready available, for example, in
the tests carried out by Professor j. Ackeret sad his collaborators at the Technical
University at Zurich. It is true that the process requires extremely smooth surfsces
with relatively narrow slots extending spanwise aloag the wing. This might cause
practical difficulties (for example, in the case of icing). However, looking into the
future, extreme smoothness might be reslived by materials now in the making, and it
will certainly be wcrth-while to put in a grest amount of research work to eliminate
other possible practical obstacies. There is.even the possibility of eveatua! eliminstion
of conventional movable control surfaces, by use of boundary layer control to effect
changes in lift and moment.

2.22  The same pric.-ir's .ai-be applied also to reductions of the drag of airplane
bodies, for ex=mple. bodios with circular croes sections. In the case of wings, it will
be necessary to subdivide the wing into s sumber of comparimeats with individually
regulated boundary layer control. In the case of bodies, it might be sufficient to apply
the control at a few critical cross sections.

2,23  The fundamental idea of the flyi.3 wing is the elimination of the parasite
drag coni. !buted by such paris of the airplare as do not produce iife. The tailless sir-
plane is an even more controversial subject than the laminar wing. As does every
unorthodox type, it introduces sotae new problems. The fact that the longitudinal
control is piaced in the wiag involves control force characteristics which are different
frr v ~“ose occurring in conventional sirplanes. Much discuseed problems are the
proper method of securing directional stability, snd the best arrangement for sweep-
back. As s matter of fact, the designs which have been produced wp 0 now have nc:
yot brought s final Jecisiou concerning the relative sdvantages and disadvantages of
the flying wing and the: tailless cizplane. However, as the global character of aerial
transportation, and especially assial warfare, becomes more and more eviden, it is
apparent tha: our presont airplanes are insdequate to meet the denwad for moge
Therefore, the two methods promising ecsential ac.udynamic progress, ~amely
boundary layer ccatrol and tailless design, should be explored with adeqoate facilities.
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2.24  Tie large decrease in the valuc of the lift-drag ratio at 8 Mach number of
about 0.8 is due to the rather sudden increase of the drag of the sirplane. This increase
is essentially due to the fact that the relative velocity of the air locslly becomes larger
than the velocity of sound. Simnltaneously with the increase of the drag, difficulties
are encountered, in most cases, iu the stability and control of the airplane. Generally
these phenomena pre designated as compressibility effects; we prefer to use ine ¢.sig-
nstion “trensonic problem.” Obviously, in order to extend the speed limit of bigh

speed sirplanes, a thorough investigadon of the serodyasmic phenomena in the tran-
sonic range it needed. As s matter of fact, the serodynamics of both the subsonic and
supersonic ranges are better known thaa that of the transonic range, which extends
approximately between the Mach numbers of 0.8 and 1.2. One resson is that the
mathematical analysis is extremely difficult, since the flow around the sirplane is
partly subsonic and partly supersonic. Another great difficulty is caused by the unre-
liability of wind-tunnel tests in this range. Flight tests, dropping tests, and measure-
ments on models carried by rockets are the ma.n sources for expesiziental information.

2.2%  Fighters snd interceptors now ic thc making operate actuslly at the border
of the transonic range. Hence, every method which is sble to raise the limit of ¢he
rapid drag increase is of gres. importance. German scientists observed that increase
of drag of the wing can be postponed to higher Msach numbers Ly & TYicient sweep-
back. This method is generally used now in the design of fast fighters and i “ep.”
Designers are scaking means to rednce the exuess weight end «he dificulties in stabil-
ity and control connected with the swept-back wing shape. tlowever, this so} stion is
not necessarily a final ons. When our ksowledge of serodynamic phent 1ue.a in the
transonic range hes been more firmly established, we may find .nethods for euminating
ﬁeupndmd&chwbcﬁndﬁcﬁo&mmndﬁchnwmﬂquudy
the occurrence of shock waves. In the subsonic range serodynamic research brought
richmmltmbcupmddmthcmopmmvﬂlnpmiudfudwﬂuud
to the solution of the transonic prchiem.

2.26 Oudmmqmoinﬁcmdcupndm‘chdufudbmq
of long-range fligh:. The supersonic sirplane pecessitates very high wing loading
with small size of the wing. Hence, in most cases, the volume available in the wing
for fuel or pay load is very small, and ¢ disproportion appears between the sizes of
the wing and the fuselage. In other worai. the resistaace of the body in comparison
with the resistance of the wing is much greater thaa iu the case of the coaveations!
Mca&ﬂm&ltapp«mmuﬁewwmnhdmdbyahuhpdm‘e
inmnﬁo.Anthud:mu‘thdonoﬁhcpnblmmmdebthSdu-
dicAdviqumpon:hhqwdon.MhndpdouwMum‘n
;ivmndob«wunfndmdwulwd‘lnmdlamhlpucnqnindhdlefudsge.
the range is essentially s function of the sltimde st which the supersoanic flight takes
place. The preceding disgram, page 13, shows an example of the variatica of rang:
with altitede. The idea! applicstion of such s supersonic sirplane is the piloiicss
bomber (CE. 2.13). Similar types of s.persooic sirplenes will serve as pilotiess inter-
ceptors (CL. 2.19). The best spesd range for the laster device may be L. tweena 1.2
and 1.5 times sound valocity.

2.27  The fact that in the case of the supersouic wirplsne, the body resisizace
eonu-im.mmy‘uqnpmnmmamm;mmmeuudnwc
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planes cal s for study of an all-wing design. However, supcrsonic flight requires wings
with small thickness-chord ratio. Hence, one can create suffizient space only by using
a wing shape of very small aspet ratio. It is fortunate that, (a the supersonic rangr,,
triangular-shaped wings give relatively high lift-drag ratios in comparison with other
plan forms. Hence, for r.anned iaterceptors a series of all-wing airplanes should be
tried, eventuslly with a small cockpit for s pilot. Such a series should extoud 1 a
:ailless airpiane sinilar to the Me-163 to pure triangulac-shaped airplanes.

2.28  Besides the lift and drag propertcs, the questions of stability and controi
are the most important. The change of the flow regime introduces difficulties in the
transonic range. But also in the pure supersonic range, very lictle is known about the
efficiency of serodynamic control surfaces and control forces. This field needs thor-
ough exploration by all means available, starting with wind-tunnel tests and ending
with flight t2sts. Possibly in addition to conventional meaas, displacements of weights
ot direct conteo! of the pressure distribution by modification of the low, as in the case
of boundary layer control, are necessary.

2.29  The difficulties of landing are much more serious for supersonic than for
subsonic airplanes because ¢ their high-wing loading. The wing loading decreases
with altitude and supersonic sirpianes designed for stratosphcric flight may land
without special devices. However, systematic investigations are necessary of high-lift
devices suitable for use on the thin, sharp-nosed sirfoils that are desirable for super-
sonic flight. This must include the problem of raising the maximum lift of triangular,
low-aspect-ratio wings, sad particularly of reducing the extremely large sngles at
which such'wings now actsin their maximum lift. In addition, devices such as rockets,
which produce simuitaneously deceleratory thrust and incresse of lift for the sho.

period of landing should be studied. .
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2.30  All our airplanes actually used in the war were pfopelled by propellers
driven by reciprocating engines. However, the progress in the field of jet pro-
pulsion and gas turbines and the experience gathered in Britsin snd Germany,
and also with our own experimentsl jet-y ~opelled sirplanes| ensble us to choose the
best propulsion system for any future project. In broed e merit of a propulsive
system is determined by two figures: the weight <which has 8 be installed in the air-
plane for unit thrust-horsepower, snd the fuel consumption per thrust-horsspower-
hous. It is cvident that for flight of short duration, small engine weight has the deses-
>+ influence; for long duration dlight, low fuel consumprion is mure essential.
Fuel cocsumption per thrust-horsepower is determined by the efficiency of the engine
and the propulsive afficiency of the system. At the present moment the reciprocat n;
engine is still more econcical than the gas turbiae, and st subsoaic speeds the pzo-
peller has higher propulsive efficizncy thao the jet. However, looking into the future,
the following considerations appear important.

2.31  Itappears to be rather difficuit to attain redical in.;ovements in W+ zuicicacy

of reciprocating enginer, whereas & wide opea fiejd i: svailable for l-pmvmm;

in the case of the gas tucbine, Hence, efforts shouid certuinly be coaceatrated on
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dcvelopi_r.‘ Yhe gas turbine for propeller drive, iu order to secure the advantages of
light weight, freedom from vibration, and reduction of nacelle drag connected with
this rystem. Between the various engine systems, an intensive competition can be
expected, to reach the best fuel economy at the lightest possible weight and the smallest
space requirement. R
2.32  The pase gas turbine(has the advantage of simplicity, light weight and srall
dimeasions. The reciprocaiing engine has at preseat an advantagz over the sisaple-ges
rushiae chiefly due to its utilizavion of higher pressures. However, 1t should he pointed
out that the advantage of the reciprocating eagine holds for the cruising condition
only, but at maximum power output the gas turbiae equals or surpasses the reciprocat-
ing engine in fuel economy. + .

2.33  There are many ways of improving the performance of the ﬁwt,
for instance: '

Higher combustion temperature.

Higher pressure ratio.

Improving the aerodynamic efficiency. fihing 1 wcret  Ji 2
Intercooling betweer. compressor stages. ! -
Reheating the sir between turbine stages.

Use of separate turbine for propeller drive.

g Regeneration by the use of a heat exchanger to extract heat from the tur-
beine exhaust, and utilize this heat to warm the air entering the combustion chamber.

These improvements involve partly metallurgical problems in search of better ma-
terials, partly serodynamic problems, finally design problems to avoid undue penal-

=0 an g

“ . ties in size, weight, and complexity, . R — —— K
f

2.34 Improvement of reciprocating engines appears possible by utilization of
somewhat higher pressure ratios, but in the  reciprocating engine this tends to
be offset by loss of heat in the exhaust. development is the so-called
compound engine in which the exhaust of s riciprocating engine drives s gas turbine
which feeds back into the drive shaft. In this way the pistons of & reciprocating en-
gine are used partly to drive @ crankehu’t and partly to serve as a gas generator for
driving & gas turbine. The iree piston-type of engine represents the extreme in this
compounding principle. In this system the pistons are used solely as gas generstors,
and the products of combustion are used entirely to run a gas turbine. Both the com-
pound engine and the free piston engine have not been explored enough to judge their
Wani.e possibilities.

2.35  With the practical realization of the gas rrbinc, the entire field of propul-
sion, serial, maritime, and ground transportation came into & revolutionary stage.
Science and industry are feverishly working on the analysis of related aerodynaaic
and thermodynamic phenomens, improvement of materials and construction. Un-
doubtedly in this field the Air Forceg will receive in the next decade the benefit of
many developments initisted by others. However, it will he necessary ic giv: inde.
try orieatation in the direction of requirements of t: Air Forced. Many of <hzse re-
quirements involve special problems in which industry in any case might not be

L]
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primacily interested, for example, performance a¢ extreme altitud~ and large excess

power for short duration.

2.36  Jet propulsion will be generally used for transonic and supersonic speeds,
i.e., in the speed range wheie the propulsive efficiency of the jet i+ superior to that
of the propeller. However, the light weight of jeu devices may juoufy theic us. ¢lso
at lower speeds. For example, combined propeller and jet drive eusbles an sirplan:
to cruise economically with the propelier drive at lower specd and reach high speeds
for short duration by mesns of additional jet propulsion.

2.37  ‘The various jet-propulsion systems utilizing hydrocarbon fuels in the at-
mosphere are listed in the SAG report W'ere We Stend, Theodore bv Von Karman,

as follows:

Recigrocniog eppian s uged e Tl g

 + dutved fan + jet

Gas tur

Gas turbine + jet Tuarbojet
Continuous jet, compression by serodynsmic ram Ramist
Intermittent jet Fu.ln‘iiq-l

2.38  The chief limitations of the motorjst are those sssociated with the recipro-
csting eagine. Since the reciprocating eagioe has s largs frontal ares in comparison
withthe;umrbine,uniuofhrgepowerhoomdilcultwucommodminthe duct.
‘The motorjet it considered w stage between the conventional engine-pro-
pelier combination and the It is not considered, therefore, sa important
item in a long-range propulsion program. It is interesting to note that theﬂf;ne'se
also had a motosjet which they considered an interim jot motor pending development
of the gas turbine.

~2.39  To the tarbofan the gas turbine drives, besides its owa compressor, s lacger

compressor or fan in a duct. It sppears to be s promising development for filling the
speed range between the turbopropelier and turbojet It has the advantage of greater
efhicicacy over the turbojet in the high subsonic or trunsonic speed range because it
moves a larger mass of air. It also has the advantage over the tucbopropeller in the
same range becanse the use of shrouded fans avoids the tip losses which propellers
have at high Mach number. There has beia very little development on this system up
to the present, and muck: applied reseurch is needed; for example, wind-tuanel teeting
at transonic speeds on gas turbine - ducted fan combications in various duct arrange-

ments. T U P — —

st The turbojet development of the last five years proved the practicability of
the system beyond doubt, and realized considerable progress both in the size of units
and in fuel economy. On the other hand, many pecblems are for ‘o

tensive research. In addition to the problems related generally to and dis-
cussed above, two methods of produs.ing excess thrust ase under jnvestigacion: sfter-
burning in the til pipe, and finid injection. At presest requirements of high theus
for a given frontal area and of fuel economy are conflicting, which constitute: s 2.
culty for the applicatior: of current turbojets t0 supe: sonic aircraft. Howevc:, possi-
bilicies for further improvement sbow definite promise of elimisating this dificulsy
and should make future nirbojefs applicabie to supersonic dight provided suflicient

\
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sion efficiency at si:personic speeds, the effort of adapting them to this speed riage
should bring valuable returns. Supersonic aerodynamics applied to the blade de-
sign of compressors and gas tucbines also should bring worth-while gainsﬁor use in
pilotless wirplanes, cxpeudable turbojets should be developed to have an en-lurrace
only slightly greater than that required by their mission.

2.41  With increasing flight velocity, the inlet air pressure to a webojet compressor
increases due to ram compression. When the aircraft is flying at sonic velocity, the
ram pressurc is approximately twice the atmospheric pressure and an efficient duct
design is able to utilize a high percentage of this pressure. For supersonic velocities
beyond Mach auraber 2, the air pressure due to ram compression can be many times
the atmospheric pressure and we can well dispense with the mechanical compressor
and hence the turbine of the turbojet. The unit wiil then consists of an entrance air
diffusor, the combustion chamber, and the exit nozzle. This is the ramjet. The ramjet
is thus essentially a supersonic propulsive power plant. Its peacticability at supersonic
velocities is already demonstrated. The present theoretical calcutation shows that for

flight Mach numbers exceeding 2, the specific fuel consumption of th: ramjet could-

be a5 low as two pounds pc- hnur per pound-thrust¥This is com’arable with the
specific fuel consumption of the turbojet. However, the ramjet has the further advan-
tage of light weight due to much simpler construction and higher thrust per unit fron-

! ;oo .
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development is concentrated on the su%i . Sifice turbojéts bave an exceiient propul: \
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tal ares due to the higher c;?lmbmtion temperature permitted by the absence c/)f hjghpy ‘
: Rwed e

swessed moping parts. Ny /oot o it of G dliles g e T
i’.ﬁﬁd @mms' then that the nn:;et is the iog/icn{ power Jngﬁiyiuperwnic flight
with speeds greater than twice the speed of sound. Of course for short duration
boost, even applications at subsonic or transonic speeds may be considered. How-
éver, here the fuel coasumption of the ramjet is high. Punhmt%e drag of the duct
when not in use is very large. Therefore, if a turbojet or s the main power
plant of the sircraft, then a wiser plan is perhaps to inject fuel into the tail pipe of the
main engine for obtaining & short burst of large thrust.

2.43  For supersonic application, it is essential to reduce the frontal ares of the
duct for low drag. This mesns a small combustion chamber cross section and high
flow velocity. Effi .e'?;(Ed incease heat relense at high flow velocity is one of the most
urgent problems,in rafjet developmer.t. This problem and the problem of efficient
diffusor and exit nozzle design have to be solved by concertrated efforts with the help
of high speed ‘wind tunnels.

2.44  The high fuel consumption of ramjets at subsonic velocities is due to the low
pressure in t+e combustion chamber obtainable by ram. By carrying out the combus-
tion 10 a confined chamber, like an explosion, the pressure at the end of combustion
can be raised. This is the pulu?iet. Its feasibility was first demonstrated by the engine
of the Germaa V-1 flying bomb. This type of engine in its present form bas a fuei
consumption between the ramjet and the turbojet in the subsonic and transonic range.
Thus, its advantage in simpiicity compared with the turbojet is counterbalanced by
the high fuel consumption. Therefore, the answer to the question of whether it will be
used for propelling pilbtless aircraft in these speed range« depends on two facto...
(1) the development of simple expendable turbojer L.iscs, and (2) the possititity of
improving the fuel economy by improved injection and combustion methods.

()
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2.45 at supersonic speeds, the present type of pulsgjet with the spring valve
is definitely inferior to the ramjet. However, theoretical considerations show the
possibility of removing the val ¢ and depending on the inertia of the air column for
valwe action. If this could be done, then the performance of pulsfjet would be com-
parable withVihat of the ramjet. Here the choice between pulsbjet and ramjet is diffi-
cult because of present meager knowledge of these power plants. Guly conurued
cxperiments can answer this question.

2.46  Jet-propulsion devices using chemical propellants without the benefit of
the atmospheric air are called rockets. The combustion in the rocket motor is made
possible by having the oxidizer and fuel contained either in a single compound or
in separate compounds. In the first case, we have the monopropellant; in the second
case, the multipropellant. Since the oxidizer is carried in the propellsnt, where
as for the thermal jets, the oxidizer, oxygen, is supplied by the atmosphere, the specific
consumpticn of propcllant is much higher for rockets than {=r thermal jets. For
rockets, this value is generally 14 to 16 Ib/hr/1b-thrust. However, the rockets have
two distinct advantages when compared with other types of jet-propulsion devices:
First, the installed weight ver pound of thrust of the power plant, excluding the pro-
pellant, is extremely small. Fur i~stance, the power plant weight for the V-2 rocket
is caly 0.03 1b/hr/Ib of thrust. The second advantage is that the thrust of the rocket
is independeat of the forward motion and the a'titude. In fact, the thrust of the rocket
even increases slightly with increase in akitude. These characteristics of the rocket
motor immediately indicate that their most efficient applications must be either (1)
for short operating duration so that the total weight of the power plant pius the fuel
is small in spite of the heavy consumption, or (2) at extremely high altitudes so that
no other power plant can produce sufficient thrust.

2.47 As far as chemical energy is concerned, no great advance can be expected
in increasing the heat value of the propellant so as to reduce specific consumption.
The furure development must rely on detailed improvement of the characteristics of
the propellant so that 2 more compact and efficient power plant can be designed.

Since gas propellants require bulky containers, they are impractica! for use in
aircraft. Therefore, we are restricted to solid and liquid propellants. The solid pro-
pellunt may be the lightest uni¢ if the «nlication calls for very short duration, for
example, one to 30 seconds. Such applications are: assisted take-off, launching of
pilotless aircraft, and boosting of aircraft during flight. Such boosting may be neces-
sary when the aircraft has to pass through the sonic range of velocity. For short-
time solid- propellant rockets are able to develop ¢ vety high thrust. If the application
~ "¢ “»r somewhat longer duration, the liquid-propellant ro et will be, in general.
more desirable. There are three methods of feeding the liquid propellant into the
rocket motor, namely: by use of & pressurized yas, by meaas o{ a gas generitor which
produces the necessary gis pressure, and by pumping. The first method can be applizd
only for very short durstion. For iunger duration, one of the two other methods must
be applied where the gas generator may be simpler in design and construction than
the pump.

2.48  If the rocket is to operste in the dense str_osphere of lower akitdes, as
in th case of antisircrafc missiles, the drag of the missile is of primary importance.
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We wish to re/duce the frontal ares and, heace, the voiume of th: missile. Then the
propellant should have the highest impulse per unit volumf. At present, the best
propellant in this respect is the aitric acid - sniline combinatioo. If the rocket is to
operate in the rare upper atmosphere, for example V-2 rockets, the drag of the missile
is of secondary imporunce. Then, the propellant should have the highest im; alse
per unit weight. At present, the best propellant in this respect is the liquid oxygen
snd liquid hydrogen combination. The extremely low temperature of the liquid
hvdrogen may cause difficulties in the design. A more practical choice may be the
combination of liquid oxygen and liquid hydrazine.
2.49  For more efficient design of the liqud-propeliant rockets, improvements
can be expected wher. we have a better understanding of the corabustion and the flow
in the motor. The cooling of the motor should be particularly studiedfor building long-
duration rockets.
2.50  In case of sofid propeilant rockets, our aim in research and development
shouid be a more versatile propellant or a series of propellants which can cover the
range of applications as to operating duration and operating ambient tempcrature.
Much reduction of the unit weight can be achieved by reducing the pressure i the
motor during burning without causing unstable combustion.

2.51  Since the end of the war, the importance of atomic energy has become more
and more evident. Without doubt extensive research will be done in all countries with
the goal of using atomic enezgy =3 a source of power. Fro?#e poiat of view of air-
craft propulsion the problem is centered on the question! ¢an we replace the com-
bustion chamber of a rocket or a thermal jet by & nuclear reaction chamber? Io the
case of the rocket we have to tesnsfer the heat released by the nuclear reaction to an
appropriately related working fluid, in the . .s¢ of the thermal jet, to the air.

2.52 Tl&x‘e‘guclen prucess in a system containing fissionsble atoms, for example,
a uranium’ pée, is characterized by the so-called multiplication factor. This factor
indicates the increase of the number of neutrons produced by nuclear fission for
every free neutron preseat in the system at a given time. If the multiplication factor
is larger than unity, = chain reaction occurs. The number of aeutrons, the number of
atomic fissions, and the amount of released energy increase exponentially with time.
If the multiplication factor is smaller than unity, the process stops. The first cose
cotresponds to an explosion in a combustion chamber; the second case is aualogous
to an expiring flame. Hence, in order to substitute release of atmoic energy for steady
fuel combustion, one needs a system in which the multiplication factor is exactly one.
One needs & method which regulates the process in such a wav that the multiplication
factor is kept with suflicient accurcy at a value equal 10 unity.

2.53  As a matter of fact, such systems sre already operating, for instance, in the
manufacturing process of plutonium. However, they operate at the present time at
low temperatures and are relatively heavy. At the level they now operate, they would
be pr?hxbxtxve for any aircraft or propulsive device. To be the consumption of
material per kilowatt hour is negligible, practically zero, Hamaves, the initial weight
is large. MMMWMM
~ duced and one can imagine that the-present-dificuities-of-increasing-the tempernture

. However, two great impedi-
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ments would remsin: (1) The amount of fissionable material required for the process
represeats s very high cost and investment in comparison to the power used in any
mission of s pilotless aircraft. (2) The strong neutron and gamma radiation makes
the application in 2 piloted circraft difficult if not impossible.

2354 Howé\zr, itomic engineefiag is at the beginaing of tty-history- .ad+: a ks
-éxpected that if the problems are clearly recognized they will aiso be solved. Eviden:ly
the first stage of development is finished: We have systems with a tremendous ratio be-
tween energy available for relesse and weight. However, we have no possibility, as
yet, of relessing energy at any reasonable rate without using a minimum smount of
material which represents an immense reservoir of ener, t of all proportion to the
energy actualiy r.2eded for one flight, with the exception ofjthe case in which the same

fissionable matter is used both for propulsion and warhead g that ihe problem v i
. __ of energy release is solved, the following situation would be realized as far as

propulsion is concerned.  — } e

2.55  In the case of the rocket ship, which does not use air, a working fluid has to
be carried in the rocket. One will choose the lightest gas, i.e., hydrogen, since for
the same energy releassd, i: ~drogen will give the grestest exhaust velocity and, there-
fore, the greatest thrust per unit weight of material consumed. It is eatimated that if we
are able to produce sufficiently high temperatures and high pressures, the thrust pro-
duced per unit weight of consumed materjal could be made about six times the present
value. This would increase mevethan thisty times the range of V-2 type rockets using
chemical propelisnts and would meke rocket navigation possible up to the highest
sltitudes beyond the stratosphere. The “satellite’” is a definite pos.ibility.

2.56  If the substitution of nuclear reaction chambers for fuel combustion chambers
in ramjets and turbojets is fearible, the question of range would automatically be
solved. In other words, if a jei-propeiled sircrafe with atomic combustion chamber
could carry itself in the atmosphero, i would have practically jnfinite range, since its
fuel consumption is practically xero. For this purpose an stomic engine weighing s
much as eight or nine pounds per brake-horsepower would be acceptable for use in
large bombers for subscnic dight, but fur greater performance, such ss supersonic
speeds, a better specific engine weigt would be necesaary. This weight must inclode
sll medorstors and reguisting devices, ..2d radiation shielding.

2.57  Theapplication ot ciomic energy to the propulsion of menned sirplanes will
probably be cut of the questio far a vary long time bocsuse of the difficulty of protect-
ing efficiently the persomnel ir.m the disastrous effects of radiation. The necessary
shielding. at least at present, impiies prohibitive weight. However, for s pilotiess aie-
pisne there are definite possibilities. The problem should be attacked urgeatly acd
with adeg'=*- | ersonael and moans,
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FROBLEMS IN MATERIALS

2.58  Aircraft maverinis heze Scen perfocted continuously 2ad oew snateilsls
studied with much promise. Neverihicss, it can be +- .od that we do uue yet bese
the ideal msaterisl which wounld fulfll both the requirements for strength and for
serodynamic behavior. Whezess, for ilow sirplaces it was scficient that the elastic

2



limit of the material be not surpassed, for high-speed sirplanes it is esesntial that the
serodynamic shape of wing and body be maintained with & minimum of deformation,
avoiding any iocal waviness. A:so, & perfectly smooth susface is necessary, and the
possibility of keeping the surface smooth in service. These requirements call for im-
provemen: in properties of known materials or discovery of new materisls of low
specific weight, as well as development of methods of fabrication and producuou 1o

take full advantage of the material properties.

2.5¢  Another equally important requirement is the development of high-tempera-
ture materials for gas turbines and jet propulsion devices. Great advances have been
achieved during the past five years. However, the investigations were generally made
by purely empirical methods. without consideration of the fundamental character
of the solid state of metals from the physicist’s point of view. This more fundamental
approach will definitely open ways to new horizons in a field where old concepts
and methods seem to yield diminishing returns. For application o individual design,
s closer understanding of the particular requirements in each case will also aid greatly
in material development. We must choosc among the multitude of m...erial propertics
(such as elasticity, plasticiiy. vield characteristics, impact strength, fatigue srength,
etc.) the most important ones for & given desigo, and not require the optimum in
every aspect. This means a closer analysis of the stresses of machine parts, especially
under dynamic and high thermal stress conditions.

2.60  An entirely new possibility is the introduction of ceramics as a construction
maierial. Ceramics are particulasly heat resistant, as che melting points of these mate-
rials are generally much higher thao those of the metsals. However, the streagth of the
ceramics cow known is asually to0 low to be used for highly stressed parts. On the
other hand, ceramics have not besa developed for such pusposes before, and much
remains to be learned. Two points need to be mentioned particularly: (1) The cost
per pound of the ceramic material for machine parts could be many times that of the
industsial ceramic materiais now used, and thus the possible choice of basit com-
ponents is much wider. (2) The ceramics can be used as a costiag on metallic parts,
and thus the temperature resisting property could be combined with the high strength
property. '

2.61 A different approach t> the grobiem of increasing the inlet gas temperature
in gas turbines Consists of cooling the parts of the engine exposed to high tempera-
tures. The cooling problem brings up new requirements for the material. Thermal
conductivity and thermal extension may become more important than creep at high
temperatures. The receatly proposed method of cooling by injectiag the coolant
tarough a porous material will promote the development of new slloys.

2.62  In rocket motors the need for high temperature resisting materic! bas gro>
with the increasing demand for longer duration of operation. In view of the vesy Ligh
temperature involved in the cciabnstion of rocket fuels, liquid-cooled chanbers
and noxales have beca us=d for loag-durstion units. The crosion of the noxsle has been
a very difficult problem fzom the maverial point of view, It seems, hovevar, the: LIONine
occurs only if the temperature of the surface reaches o~ . 5.2 critical value. Pyoxales made
of very soft mat3rial (aluminum) have been used successfully when properly cooled.
It appears that the conditions the material should satisfy to operate peopery in « liquid-



cooled un/\ are different from those required for an uncooled unit. In the first case,
metals can be used almost exclusively. Thermal conductivity, thermal extension, sad
machinecbility are the essemial factors in this case. In the second case, most metals
will not stand the combustion ckamber temperature, and the use of high melting point
metals (tangsten, molyblecum, tantlum) and of ceramic materials seeme > be
justified.

2.63 In the design of nuclear reaction chambers, quite diffcrent cheracteristics
of the material must be considered, especially the absorption of neutrons, alphs
particles, and radiation, combined with high temperature.

ROTARY-WING AIRCRAFT

2.64 No mention has been made so far of »'rcraft different from the airplane type.
Cerusinly rotary-wing sircraft, in spite of = 15 limitations, hev< military applica-
tioas in airborne operations, as well as s } special duties such as rescue, lisison,

etc. The application of jet propulsion to ro. ry-wing aircraft is worthy of further in-
vestigation, and other fox:n s of rotary-wing aircraft, such as the cyclogyro and gyro-
dyne, should be more (ully ¢, \uscd. A somewhat fantastic ides is a helicopter driven
by atomic energy, which could serve as an observaiion station for a very long period
of time at considerable alt‘tude, reporting data to the ground or to an sirplane.

AIRSHIPS

2.65  The airship is in principle s slow-velocity aerial vehicle, with the advantage
of large cargo carrying capacity. Aerodynamic Jevelopment and development in
propulsion may considersbly increase the speed of the airship. Since the grestest
portion of the drag of an airship consists of skin friction, laminar boundary layer
control may cause a very essential reduction of the drag. Anuiber less important im-
provement could be derived from a rear propeller drive, consisting of shrouded pro-
pellers located in the stern of the ship. Boundary layer control, of course, would
probably reqyire a construction material suitable for forming & smooth surface with
sufficient local strength.
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LOCATE TARGETS AND RECOGNIZE THEM

3.1 la order to sccomnplish its mission the Air Forces must not only be able to
move swiftly and transport loads through the air but the movement must be directed
to bring the aircraft or missile and its means of destruction frowm a base to the vicinity
of a2 military target which may be anvwher2 on the globe. The target must then be
recognized. The technical problem is one of locating two objects, the sircraft or
migsile, and the target, with respect to some frame of reference and of bringing the
two locations in coincidence by guiding the sircraft or missile. It is convenient to
consider the problem in three successive phases: (1) Reconnsizsiace, or obtaining
advance knowledge of where targets are to be found so that an attack may be planned;
(2) navigation, or guiding the aircraft or missile from the base of operations to the
vicinity of the target; and (3 ~=cognition of the target immediately prior to its attack.

RECONNAISSANCE

3.2  The basic frame of reference for locating targets is an accurate 201 precise
survey map of the earth’s surface, but before targets can be located on s map, we mus:
fiest know that they exist. The first procedure will undoubtdely be to make factual
surveys of enemy industry, transportation systems, and military installations by che
usual methods involving agents traveling within enemy territory, study of prewar
economic data, and similar methods. The next step is to obtin information by recon-
naissance flights of aircraft or missiles using every known method of aiding the senses
of man, including aerial photography, radar, heat detectors, detectors of radioactive
materisls, etc. The enemy will try to disguise his main factories and other installstions
by camouflage and decoy targets and will try to interfere with the operation of our
scientific aids, for example, by providing smoke screens and by electronic jamming.
We must, therefore, employ s variety of r.ccns, compariag the results of one against
the others. This problem of determining precisely where the target is located in the
first place requires the judgmert which can only be supplied by the human braia,
and cannot be entrusted whoily to any single mechanism as may perkaps be possible
in the cavigstion and attack problems.

AERIAL PHOTOGRAPHY

3.3  If accurate maps of the enery’s territory are not already svailable they must be
provided by our own forces sad the most feasible method is by means of aerial photo-
graphy. Methods of aerial photography have been highly developed and will continue
10 be useful even if nircraft fly faster and higher. It may b+ ;pen that difhculry is cx-
perienced with clouds 4nd haze in which case radar meiaods can be used as discassed
in the next section. Maps made from aerial photographs may or may not show the
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actual location of all possible targets but they will show the shape and location of cities,
imporiant rivers, coastlines, mountains, and other natural features and they will serve
s+ the basic frame of refecence for location of strategic and other fixed targets.

3.4  Aerial photogre-hy is also used for detsiled surveillance of enemy territory
and for the detcition of specific military targets. The long period of tim: zhrch i«
available for the study of reronnaissance data usually enubles the etection of deccys
and camouflage and permits exact location of the target. Concealment by camouflage
can generally be defeated by color photography or stereoscopic photography, both of
which have been highly developed. Few pigments useful for optical camouflage match
the colors of the surrounding territory so perfectly that they cannot be detected by
color photegraphy with suitably selected filters. Ste~eoscopic photography ensbles the
detection of the relative heights of objects in the field of view which cannot be changed
by application of paint.

RADAR SURVEYS

3.5  Useful maps can b< :nade by photographing the indicator scope of an airborne
radar and the detail is greater the narrower the radar beam, i.e., the shorter the wave
length for a given antenna size. It is, in fact, desirsble to provide special reconnaissance
radar equipment in a special ircraft whose express function is to provide large and
clear map-like presentations of the terrain suitable for photographing. Such records
are useful not only for making the usual line maps but as guides to bombardiers when
radar methods of bombing are used. Radar reconnnisssnce can be made at night and
through clouds. It penetrates the nets and cloths commonly used as camouflage mate-
rials, and may even penetrate natural cover like forests under certain conditions.’

3.6 Cities and large industrial inswllations are ususlly easily detected in radar
photographs. Smaller targets can be detected under suitable background conditions.
Objects surrounded on one¢ or more sides by water such as bridges, piers, ships, etc,,
are easily detected by modern radar equipment.

HEAT SURVEYS

3.7  Underground instalistions cannot be detected either by aerial photography
or by radar, 1ad other means must be sought. Any large industrial plant uses consider-
able amounts of power which is eveatually turned into heat by friction in the machines,
losses in electric motors, electric lights, sir compressors, etc. 1a an underground plant
t%-2 * ~at must be conveyed to the surface through a suitabic ventilating system except
in very unusual circumstances. The hot ir exkavst pipe may be detected by sensitive
heat meters carried in reconnaissance aircrart. The same equipment is effective :

detecting optically camouflaged industrial plants and in differentisting between real
sad decoy targets.

ACOUSTIC METHODS

3.8 The precent war saw the development of sonobuoys for detecting the presence
of submarines. These devices dropped from sircraft into the sea contain microphones



to pick up underwater noise and & radio trarsmitter to relay the information to the
reconnaissance sircraft. It is practicable to use simiirr devices against surface and
unde:ground targets which givc off considerable noise as is the case for many types
of industrial plants.

MAGNETIC METHODS

3.5  The present war has also brought the development of magnetic methods of
detect.ng submerged submarines. In principle the same methods should be applicable
to the detection of underground factories. Becsuse of their short range of detection
theee devices are not at present highly practicable for this purpose.

ATOMIC POWER PLANTS

3.10  Pl=its engaged in the manufsctre of materials for atomic bombs or atomic
power plsats may be detected not only by the heat given off but by the specisl types of
radistion from them whici, venetrates considerable thicknesses of earth. Suitable
airborne equipment can probably be designed for the detection of such radiation.

NAVIGATION

3.11  Having fixed the geographical location of the enemy targets the next step is
to bring the aircraft or mussile to the vicinity. The central problem of navigation is to
determine quickly and accurately the geographical position of an sircraft. The ideal
situation is to have available continuously the position of the aircraft regardless of
weawer conditions, prefersbly in the form of a plot on & map showing the history of
the flight up to the present moment. As the speed of the aircraft increases, the time
required to obtain the position must be reduced. For example, an sircraft flying at 1200
miles per hour traverses 20 miles in one minute, and it would be necessary to reduce
the time to less than three seconds if an accuracy of one mile were desired. It is obvious
that sutomatic observing and computing aevices are required.

POSITION FINDING

3.12  The methods available for locating the position of an aircraft may be classi-
fied in various ways. They will be discussed here under the headings visual methods,
dead reckoning, and radio and rada- methods, the greatest cmphasis being placed on
the radar methods because they seem tu offer the createst possibilities of sitaining the
ideal. =

VISUAL METHODS

3.13  When the ground is visible, the position of the ~irceaft may be obfcined . v
refecting to visible landmarks such as cities, rufionds, rivers, mountain:, lakes.
lighthouses, etc., and comparing them with a map. This simplest method of navigatics,
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knowa s sir pilotage or piloting, is useful primarily over land in clear weather and

over territory fo: which maps are available.

3.14  Over the oceans, also over land and above clouds when celestial objects are
visible, the methods of celesticl navigation may be used. This procedure amounts
fundamentatly iv a determination of the position of the aircraft relative o the geo.
graphical pos'iu'on of one or more celestial bodies which is known if the time is kuown.
Much ingenuity has been exercised in developing sids for coanverting the observed
data into position of the aircraft in the shortest possible time. Attention should be
given to the problem of automatic celestial nevigution of pilotiess aircraft.

DEAD RECKONING

3.15  Dead reckoning is the method of estimating position by keeping an account,
or reckoning, of the course and distance from a previously kncwi: position. The basic
obsecved data are the air speed and the combass course, but suitable corrections wust
be made for air temperature and pressure to give true air speed, for declination and
deviation to give the true n-sding, sud for the wind.

3.16 Much of the human labor involved in this method has been removed by the
development of the flux-gate compass and of instruments for measuring true air speed
in conjunction with s device known as ar air position indicator. In this device, the
compass beading is combined with true air speed sutomatically to give latitude and
loagitude, starting foom an initial setting at a known position. The mechanism takes
account of the fact that a degree of longitude is of varying length at different latitudes
and fuactions accurately eccept at very high latitudes. The compass corrections may
be set in manually from time to time.

3.17 When science has perfected a satisfactury ground speed indicator noi de¢-
_pendent on ground stations, the mechanired dea-i-reckoning system, or ground posi-
tion indicator, will be & most effective navigational aid. Its weakness is chat the errors
are cumulative and that it must have been in operation continuously from some known
position. Its advantage is that the equipment is sll on the sircrafc and opcration is not
dependent on receiving radio transmission over long distances. The method of dead
reckoning is the one method that is iiways available.

3.18  The navigation employed in the V-1 and V-2 loag range missiles was es-
sentially that of dead reckoaning. In the case of V.1, the slutude was automatically
controlled, the heading was determined by a magnetic compess which monitored the
directionsl gyro of the autopilot, and the distance was meas-:zed by an eir log. At the
preset distance the bomb was made to dive on the target. In the case of V-2, the navi-
gstion occurred during the burning period ot :ic rocket mowor. The verscal headin
was controlied by sn elevation gyro, the azimuth by 2 radio beam, and the propuliion
was cut off when a fixed speed .23 reached 24 determined by an integrating acceler-
ometer.

3.i9  The accuracy otiainable by dead-reckoning methods is ot ihe order of £ u
two to five percent of the range from the last known .aidon, the exact valu= depend-
ing oot only o2 the type of measuring instruments and compr ters but also on st-
mospheric conditions. For example, the accuracy of current sir position indicators is
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such that ti.e error infrequently exceeds four percent and averages about two percent.
The errors of measurement and computatioa can probably be reduced below one: per-
cent with continued improvemen: in instrument desiga. The principal source of error
is the variability and uncertainty of the wind. This error decreases as the speed of the
missile or aircruft increas.s.

RADIO AND RADAR METHODS

3.20  Prior to the intzoduction of radar iechniques, many radio aids to navigation
had been developed. Two-way radio telephone communication and the broadcasting
of meteorological information are of incalculable assistance to navigutors. For regular
air routes the system of radio beams radisting from radio-range beacons and the
radio marker bescons enable navigetion under conditions of z2ro visibiliry. This
system has been highly developed for commercial air transport in the United Seates.
The beam defines & specific track in space, enabling correcxion to be made for wind
drift. The information is independent of any transmission from the aircraft and the
number of sircraft which csn receive the information simultaneously is unlimited.
However, there are technical Jifficulties at the radio frequencies used by the present
system associated with the effects of the terrain and of the ionosphere on radio trans-
mission at those frequencies. The trend is toward the use of higher frequencies and
to methods dependent on mictowsves and pulse transmissior.

3.21 In the preradar period there was extensive development of sircraft radio
direction finders, and homing devices, and of systems of sircraft location by direction
finding from ground stations. Inf -rmation so obtained was used for occasional com-
putation of position as & fix in connection with navigstion by dead reckoning. The
most highly developed form of radio direction finder is the sutomatic radio compass
which gives direct resdings of the bearing relative to the axis of the sircratt of any radio
station to which it 15 tuned. Indicators are available which combine this indication
with that of s flux-gsre magneiic compass. The same techaical difficulties are encounter-
ed as for the radio-range system at the frequencies commonly used because of the effects
of tezrain and ionosphere on the transmission giving rise to night effects, multiple and
beat courses, etc. In any systcm based on direction finding the errors increase with
the range. Pethups the most elegant b-aiu system is the modern German “'Soane”
system which sllows an observer to determine his bearing ralative to & land station
with an accuragy of the order of 1° at renges up to 1000 or 2000 miles.

3.22  Radsr has developed many new techaiques which are described in greater
detnil in the reports of the raias consultants, Reder ond Commaunications. The develop-
ment of microwave rader makes it possible for the navigatc: to “22¢” the terrain undes
blind-flying conditions and to use the simpl=st of s*! methods, sir pilotage. In X-band
and shorter wavelengths, the resolution is suficient for identification of rivers, streams,
bridges, rail lines, and other surfoce featuzes. In addition. the range of radar vision is
greater than that of the eye, so that oves the sea, land may be “seen” at ranges of from
30 to 100 miles. When over land, or at sea with the sid of radar buoys, drift casy be
determined and combitied ‘with an air position indicator o give » grouad positiv.
indication. An accuracy of the order of two percent of e distance traveled siz:ce che
last fix is attsinable. This ethod of radar navigation requires no ground stations.



3.23  The pulse techniques of rader bave given rise to the development of 2 aew
technique of position findiog based on measuring distances rather than directions to
known points, hence called telemetric. The knowe points may be marked by radar
beacons which provide strong identifisble antificial echos. When “interrogated” by
rzceiving & signs! from & microwave transmitter in the aircraft, the beacon fzau- mits
an echo, and the time interval from pulse emission to receipt of echo is a measure of
the distance. Even a single heacon eaables » fix within the accuracy set by the width
of the radar besm. Much greater precision is obtuined by measuring simultanecusly
the distance from two beacons, the procedure used in the British “H" system and
Shoran. The teaflic cupacity of this type of system is limited.

3.24  Another telemetric method is the hyperbolic method in which pairs of ground
stations emit syachronized pulses. The pulses are received in the aircraft and the time
difference between the arrival of pulses from the member of s pair is measured. This
locates the sircraft on a hyperbola and two such hyperbolas give a fix. The aircraft
requires only s receiver and the teaffic capacity is anlimited.

3,28  The range of microwave systems extends to the optical horizon or only
slightly beyond. For long ra::zes a relatively low radio frequeacy must be used. The
hyperbolic system of navigation operating at frequencies of two megacycles per second
or lower is known as Loran. The standard system now in use has s range over water of
700 nautical miles by day and 1400 miles by night with errors of from 0.1 t0 10 miles
depending on the geometry of the lines nf position. A system under development is
expected to have a range of 1200 miles by day and 2000 by night with errors of from
one to two miles at 1000 miles. Laboratory techniques of pulse comparison indicate
the possibility of improving the sccuracy by an order of magnitude.

3.26  The process of hyperbolic navigation may be compared with that of celestial
navigation. The determination of lines of position is essentially similar except that
the mathematics is more complicated. However, the unchanging character of the lines
of position obtsined from fixed reference stations in contrast to the moving stars per-
mits precomputstion. Charts may be prepared in advaace for pairs of stations and
the results are permanently useful 30 long as the stations are maintained because the
lines of equal time difference are fixed with respect to the surface of the earth.

3.27  There is oo technical obiacie to a complete mechanization of the receiver
s0 that the output is eiher in the form of dial counters giving Loran coordinates or a
plotting board whick will piot the position continuously oa a Loran chart. It is then
s short step to connect the output to the rudder so thet & predetermined track msy he
followed sutomatically.

3.28  Since hyperbolic navigation requires only a receiver on the aizcraft or nuss <,
and the teaffic capacity is unlimited, it is the must promising system for thc control ¢*
lurge numbers of long-rsage ground-to-ground pilctless aircraft. As now visualizcd,
special ground stations won'd be wdjusted so that the hyperbolic line of position corre-
sponding to a fixed ime difference for which the missile receivers are set passes
through the target. Aircazft could be launched from many points ixt « large s:2a: =Y
following s preset course until they intercepted the lin- :: position througp the targes

They would thea change course and follow the line, of position to the target. The alti-
tude would be controlled independently 224 thi 3lu¢ (6 ilic grouud would be laiiiate
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by reachir 3 the appropriate position line of a second pair of ground stations. This type
of attack could be operated without close coordination between ccuirol group and
launching crews; their operations would be practically independent.

MAGNETIC METHODS

3.29  The use of the compuss for determining direction on the earth's surface is
well known. It bas besn repeatedly supgested that additional measurements on the
carth’s magnetic field may yield another method of navigation. Thus, in theory, meas-
urements of the magnetic dip snd of magnetic field strength give two numbers which
could serve as coordinates of position to be related to ordinary geographic coordinates
by suitable surveys. The principal weakness of the method is that a recent survey over
the territory to be traversed is necessitated by the secular variation of magnetic proper-
ties. In addition, the accuracy would be severely limited by diurnal varistions and
magaetic storms as well as by the lack of suitable airborne insiruments. The method
may be worthy of some further study.

3.30 It is probable that no single method will answer all of the navigation piob-
lems of piloted and piiotiess air:r2ft. However, there are available scientific methods
and techniques in rich veriety which make possible continuous knowledge of position
independent (f adverse meteorological conditions.

RECOGN:TION OF THE TARGET

3.31 As the sircraft or missile approaches the general vicinity of the target, the
bombardier, gnaner, operator, or the mechanism of the pilotiess missile (if of the
target-seeking type) must find and recognize the target preparatory to the actack.
Most of the methods useful for reconnaissance are 3 s useful for recognition with
the exception of photography which takes too much time.

3.52  In the case of large and extended targets such as cities, factories, or other
major installations above grouad, when the visibility is adequate, there is no difficulty.
The eye may be sided by a suitable telescopc, and the mind may be assisted by suitable
aerial photographs and maps. The photog -aphs, maps, or sketches may be constructed
in relicf tn show the uppearance wnen spproached at the normal approach altitude and
thus facilitate recognition.

3.33 Photogrephs of radar indicator scopes obtained on reconnaissance missions
may be used in the same manner as serial photographs as an aid to recogaition.

3.34  Skilled operators have no difficulty in recognizing many types of targets
directly on the radar indicator. Cities, bridgec, ;iers, ships, islands, beaches at the
coast line, and aircraft can all be recognized without difficulty. Special technigues ars
available for detecting moving ta: 3et* which are especially useful for aircraft detection
but which are also applicable to grot.nd targets under some conditions.

3.35  Ifagents are available in the enemy territory, they may mark o= gets oths: wies
invisible by portable ra:dar beacons or, in special casee . ich marking beacoas msy be
dropped from the air.
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Radar methods may be used to follow the aircraft or missile from ground

3.3
the pilot or actuslly remotely control the aircraft to a

control stations and to direct
targe: whose map location is known by previous reconnaissauce.

3.37 The reconnaissar:ce methods using heat detectors, detectors of special types
of radiation from radioactive materials, magnetic mezsurements, or acoustic radio-
sondes dropped on the ground may find application in recognition ot special tus gets.
These methods as well as radar are applicable to the homing control of wissiles. In
fact any target possessing sny peculiarity as to physicai properties which set it off
from its background can be recognized by a suitable homing intelligence device.
3.38  Especially in the case of pilotless sircraft, the operation of recognition and
control may be caried out at a remote point by the aid of radio repeat-back of infor-
ms:ion from a television camera or a radar search set.
See further reports of the Scientific Advisory Group:
Guided Missiles and Piiotless Aircraft
Guidance and Homing of Missilcs and Pilotless Aircraft

Radar end Co:nmunications
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4.1 The degree of accuracy required for successful strategic bombing is one of
the must discussed topics of aerial warfare. Visual bombsights were designed for
so-called pin-point Eombing. However, war experiences show that this type of Lomb-
ing is applicable oaly to 2 Vimited extent, because of weather and enemy interference.
Hence, in most cases piu-point bombing has to be replaced by ares-bombing, i.e.,
by bombing with an acciiracy obtainable by radar blind aiming, by dropping the bombs
simultaneously from s large formation, or by missiles equipped with automatic
pilot. In the future, bumbiag in large formations will probebiy be prevented by im-
proved antisircraft devices. It will be necessary to revise bombing equipment i th+
light of fucure meth.ods (f strategy, incloding the use of atomic bombs.

4.2 Theability to hit turg.'« accursiely is dependent on the serodynamic perform-
snce of ths bomba, meteorological conditions, the accuracy of the bombsight, and the
abilities of the bombardier. The study of the asrodynamic characteristics of bombs
st low speeds has been well developed, but further research is needed ia the transonic
region. A considerable loss in accuracy of bombing from high sltitede, originally
attributed to the effect of high speed on the aerodynamic characteristics, was finally
traced to stractural failure of the fins. However, there is some evidence of an adverse
effect of high speed on stability for certain types of bombs.

4.3  Bombers require bombsights in order to hit the target. In general, it can be
said that the faster an aizplane travels the ici. accuratsly it can drop its bombe. If
bombers are actually going o fly az speeds around 1000 mph it cannot be said with
ceraiaty that present bombing precision can be improved upon or even maintained
in spite of ever increasing complexity of the bombsights. Brrors in the release mech-
snism and bellistic trajectories become important at high speeds. The reaction time of
the bombardier will have s significant effect on precision.

4.4  Any self-contoined bombsight hss two parts, the sighting means and the
computer. In optical bombsights the s.ghting means is a telescope; in radar bomb-
sights it is a radar. There az: only trivial differences in computer design in the two
cases.

4. The fastes the bomber flies, the farther ahead the sighting mesas must see;
above 400 or 300 mph only radar can ses far enouph and there is no sense in trying to
develop optical bombsights for such sircraft.

4.6  But s fundameantal dificuity with radar is that in order for it to see far and
also clearly, its antenns must be wide; this is a tendency in flat contradiction to sero-
dyoamical trends for high-speed aircrafe.

4.7  Thedesign of bombsight computers aims aot on’s . csccuracy but ut decressing
the time required for manipuistivn after the target is recognized. This has s profound
effect on what is required of the associsted radar since the more time required ¢o
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adjust the computer the father away the target has to be recognized, and there is a
- The recent war has seen the beginning of the development of

practical limit to this. ! 8 !
computers suitable for u.e in dive and glide bombing as weli 85 fui offset bombing,

i.e., sighting at some more easily recognizable point whose position relative to the
target is known. These developments give greater freedom of flight path to the bou*«r.

4.8 Pilotless bombers whose range is limited to less than approximately 100 miles
may be entirely directed by mesns of precision ground-based devices employing radar
principles. Extensions of the Shoran equipment to automatically control such aircraft
can be perfected.

4.9  For longer ranges, studies should be made of the use of sirborne relay stations
such as sirplanes, rotary-wing sircraft, or missiles, and of combinations of ground-
based directors with a homing device in the vehicle. In order to achieve loag range
the ground stations must operate o0 relatively long waveleayths such ce employed
by the Loran system; this connotes low precision. Such means iox reby bz em-
ployed to bring the missile to the vicinity of the target, whereupon u. «oming device
may take over control.

410  Studies of the optimun. {c-etions of F.oran s “ions for this purpose should
be undertaken; the possibility of mouating such stauons on submarines should be
explored. The possibility of long-range guiding by sutomatic celestisl navigation
should also be investigated. ‘ ’

411  The homing devices used may react to any radiation emitted from the target
or may, radar-like, themselves illuminate it. Radio waves, thermal radiation, light, and
certain of the high-energy radiations from nuclear reactions may be considered as
practical for homing purposes; if the device home:z on radistion emitted from the
target, then 10 » certain extent it can automatically recognize the target. Thus, a device
made to home only on gamms rays would only home on unshielded atomic power
plants, whereas one made to home on radio waves would neglect atomic power plants
in favor of radio transmirters. This advactage is not so favorable as it sounds however,
since the possibility of erecting decoy targets always exists, even for atomic energy
plants.

412 For extremely high-speed missi'e. like V-2 the homing problem is made very
difficult by the extrermr cly long range required of the detecting device.

413  Magnetic airborne devices are not regarded as cffering good prospects
for guiding pilotiess aircrsfe. It is to be doubted whether devices sentitive to sound
will be of any use either.

414 - Means for guiding missiles may be ground-based or air-based regardless
of whether the missile iwself is lsunched from g.uund or air. The particalar tactical
need will determine which of the four possible combinaticns should be vsed. It mzy

E:ove npon further study that the guiding snd launching means should be similarly
sed.

4.15  The most dificulx problem in launching missiles from the wir is to wor:
them in the proper direction, if the target is nzarby, sc 1’ a: they will require a miniuum
time of flight. The proposed defense of very heavy aircraft by this mesns may prove
prrticularly difficult for this reason. :
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4.16  Vhile use is made of 2ll available acrodynamic knowledge 1n the design of
pilotless bombers, especially in the field of transonic and supersonic aerodynamics,
there are many special problems introduced by the use f haming devices which must
be solved if high accuracy is to be attained. For greatest accuracy the missile should
look in the direction of wravel of its center of gravity except as corrections for v ind
snd target motioa are introduced by a course computer. An aircraft of convertional
design operates at a variable angle of attack dependent on load aad speed, and bore-
sight errors would arise as discussed by Dr. H. L. Dryden in "Present State of the Guid-
ed Missile Art,” Part 1 of the SAG report Guided Missiles and Filotless Aircraft.

4.17  Perhaps the major problem in the design of a pilotless bomber is the coordin-
ation of sll elements to give stable operation without excessive hunting, i.e., systems
coordination. The lag characteristics of the iatelligence device and of the autopilot
and associsted servomechsanisms are perhaps the most important factors, but the
subility and accuracy are dependent on many other factors includis:g the aerodynamic
characteristics of the missiie.

4.18  In addition to bombs released from manaed airplanes or carried by guided
pilotess bombers, guns and - ckets play an important role in serial warfare. Rockets,
stabilize:d either by tail fins like 2 bomb or by spin like a shell, are one of the important
pew developments of the present war. Comparatively large missiles may be fired with
no recoil on the airplane from very simple lsunching devices. Their accuracy has been
continually improved with e : knowledge of the acrodynamics of rockets and with
the development of rocket-sightiag devices. Their effectiveness by the application of
proximity fuses has greatly increased.

4.19  The development of fire-control equipment has had little difficulty in keeping
shead of the developmeat of guns. The rans-e, accuracy, and rate of fire of the guns are
not at all of a magnitude commensurate with the needs of aircraft traveling at super-
sonic speeds. Problems which must recei: » increased attentior are the adapiation of
guns and aircraft so that aeither the aer..syuamic pecformance of the aircraft nor the
effectiveness of the gun is imparied. One typical engineering problem is the elimina-
tion of vibration which impairs the accuracy. It will do very little good to make
superior gunsights if the guns are not also improved.

420  Many of the present computers for antisircraft fire are based on ihe assump-
tion that the two aircraft are traveling in straight lines. This assumption does not give
sufficient accuracy. A fundawental study should be made of the types of paths usually
followed by aircraft in combat and gunsights should be redesigned on the basis of
th- = lts of the study.

" 421  As the speed of airplanes increases to the -upersonic range, & further limit on
accuracy is imposed by the unalterable reaction time of the human operator. In prin-
ciple, this difficulty can be overrrme by making machines which are more and more
sutomatic. Some progress had been made ir: this direction in the experimentsl radar-
controlled guns whick could be locked on any desired aerial target and thereafter
would actomatically ke=p the guns pointed at it. If such d~vices can be develcped o
sufficieatly low weight, the man would be caiied upon only for the will to agh:, 2 rrait
which so far has not been built into any automatic device.
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hat instruments of control will become mcre compiicated in
more and more functicns formerly carried
1 reliabality and satisfactory operation then

4.22 It is certain t
structure as they are required to perform
out by men. The probler of instrumenta
becomes urgent.

4.23  Reliability can only be agsured by a
only of the instruments themselves but also, und equally imporiant, of th, comg..nent
parts of which they are made. Such development of improved components may not he
adcquately supported by the ordinary economic forces of peacetime competition and
heavy financial support by the Air Forces may be necessary.

4.24  Satisfactory operation can only be assured by careful selection and training
of personnel and above all by careful designing of instruments in accordance with the
psychological and physiological needs of the men who are supposed to operate them.
A special staff of persons trained both in engineering and psychology may be needed
to carry out this kind of development. It would be the prime purpose of this group to
insure that the design of aircraft, of the offensive armament, and of the instruments
meant to control them are coordinated so that one integrated fighting machui- comes
out. The preseat tendency to design an airplane and then hang on guas, rockets,
bombs, radar, and sightiug devicesasa multitude of accessories must cease.

continuing program of development not






it oty > i B Lh AW W v o e A Doy o,
-

o
ﬁ PREVIOUS Pk WAS WLAMK, THEREVOSR WAS NOT FIDMED

e i e SRR A ———— —— -

ABILITY TO CAUSE DESTRUCTION

5.1 The war which just ended was the first one in which areial bombing played
a decisive role. An immense amount of work was put into the developmeant of bombs,
bombing instruments, and bombing tables. Much of the prasent knowledge of the
results of bombing and the effectiveness of bombs was obtained by systematic obser-
vation and analysis. A new branch of terminal ballistics developed. dealing with the
effect of bombs on their targets. Since the heat relessed by our present molecular ex-
plosives is near the possible upper limit, great attention was paid to the most efficient
use of the limited amount of energy. Then with the appearance of the atomic bomb,
the destructive power of one bomb was made equal to the effect of 20,000 tons of
explosive. The question arises, should the efforts for further improvement in coanstruc-
tion and use of conventional bo. bs be continued, or should the whole material avail-
able be worked up for the archives and further study be concentrated on the atomic
phase of the problem.

5.2 It is true that after the discovery of the gun, archery gradually became & sport
instead of 1 -uilitary art. This process of substitution was slow; however, anslogous
processes .u our aze may become very rapid. Heace, we might argue that atomic
bombs are the future mesns of destruction and we may forget about conventional
bombs. The arguments against this theory are the following:

(1) Production facilitics of atomic bombs may be limited, so that their use will
be restricted to the most importaat actions. (2) In many cases of future warfare we shall
not be willing to use means of utter destruction. {3) Economic and political reasons
may suggest the use of conventional explosives as an alternative to atomic explosives.

5.3  Fundamental features of nuclear processes involved in the functioning of the
present stomic bomb do oot permit msking them of considerably smaller power
than those whick have been used against }»pan. The answer to the question whether
the development of conventionai bombs should be coantinued depends tc & great extent
on whether the developments of auclear science will produce a variety of bombs in a
range of sizes, adaptable to vasious missions. The gap between the effect of the largest
conventional and the present atomic bomb is immense. Warfare is directed primarily
tu e = “1g the safety of our nation and ot to the indiscriminstc destruction of others.
Hence,; it appears that the most reasonable channel for development of atomic weapons
is to investigate the possibility of smaller capaciiics. No one ccn tell today whether
and to what extent this is possible. Since there is no guarsatee that atotuic bombs
can be substituted completely for «v.zventional bombs, the work on development and
improvement of conventionsl weapons must bz continued.

s.4 ® [ believe the Air Forces should concentrate its effort upon: (i) gecting full in-
formation about the destructive power of the present sto- - - bombs; (2) siudying the
poszibilities of the adaptation of atomic bombs to various missions which proved to
be effective against the war potential of the enemy in the last war; (3) studying the
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possibilities of developing smaller size nuclear bombs perhaps by usirg ouclesr reac-
tions other than fission; and (4) making comparative studies of efficiency and costs of
past methods of strategic bombing and future methods using pilotless bombers loaded
with either atomic or convent.onal explosives.

5.5 Specisl .tudy should be made of the problem of destruction of nzdcreiound
establishments. In the last war submurine berths were attacked with bombs, bt with
practically no success. It must be anticipated that a considerable portion of the key
industries of possible enemies will be located underground in order to escape hom-
bardment. Probably attack on communications leading to the underground factories
and depots gives the best possibility of successful neutralization of such underground
establishments.

5.6  The destruction of air targets, i.c., aircraft and missiles, has received compara.
tively lictle scientific study. Recent tests by the War Dep. tment have shown that one
pound of high explosives exploding within the wing of an airplaue will cause sufficient
damage to produce a crash or at least make return from a mission improbable. How-
ever, additional study is needed of the damage from biast and fragmentation at dist-
ances within the range ot ; roximity fuses. In this application of fragmentzticn as a
means of destruction, considerable progress has slready been made by the application
of scientific principles to develop controlled fragmentation, controlled both as to
size and general direction of travel of the fragments. The theory of blast is now well
developed; from this theory, for example, it has been estimated that 20,000 tons of
TNT, which is said to be the equivalent as regards blast, of the stomic bomb, will
destroy an aircraft one to two miles away. The efficient design of warheads for air to
air missiles and ground to air missiles is dependent on accuzate information on the
destructive effects of both ordinary and stomic explosives when used either for blast
or for hurling fragments.

5.7  The destruction of ships offers many new problems in terminal ballistics.
The penetration of the armor of batteships and other men-of-war is essentially the
same problem as penetration of the armor of tanks. A scientific curivsity of the first
decades of this ceatury, the so-called Munroe effect, has been applied in this last war
to thc development of hollow or shaped charges which have remarkable powers of
penetration. Ships are more easily des:1.)7ed by underwater explosions.

5.8  “Terminal Ballistics and Destructive Effects,” by Dr. N. M. Newmark (Part
1 of Explosives and Terminal Ballistics) describes the present state of knowledge of
destructive effects of explosives. This report also contributes suggestions for complet-
ing our information on the subject. It is believed that such 2 program should be carried
vut wecause (1) in a transition period such information is cerrainly needed, and (2)
the final picture concerning the relation herwesn the atomic and the conventional
explosive is yet uncertain.

5.9  The following conclusi. rs regarding the selection of conventional weapons
for attack of various ground targets appear 10 be generslly accepted:

a. The most effectivz high explosive bomb for attack of light 1c.dustrial huild’ - 2s
is a GP bomb fuscd ii bursi between the roof and t+. coor. Greater dzmave iz Drc-
duced to the building and to its contents with this fusing than with instantaneovs
fusings, or with cratering bombs.
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b. Agasinst heavy industrial buildings and heavy machinery, Iarge cratering
bombs or penetrating bombs are required to produce severe damage.

c. Against relatively combustible construction, either residential or industrial,
incendiary bombs werc t~veral times as effective, weight for weight, as any other type
of bomb, except possibly air burst of very lurge blast bombs.

d. Small bombs, blast bombs, and incendisry hamhe had virrmally no effect on

submarine pens and heavy fortifications. Penetrating bombs or larpe gencral purpose
bombs are required.

e. Against brick wall-besring construction and agsinst lighr wood-frame con-
struction, blast hombs sre most effective, and air burst at tue proper height produces
more damage than ground burst or cratering bombs.

5.10 Improvements needed in present conventionsl weapons depend on the
availability in quantity and size of atomic bombs. Since it must be assumed, in che
immediate future at least, that only a relatively small quantity of present-type atomic
bombs will be available, conventional bombs must be capable of being used effectively
against all possible types of argets.

5.11  The following requirenicuts seem to be most urgentiy needed:

s. Bombs designed specifically for the attack of massive underground installs-
tions including shaped-charge bombe, rocket-assisted bombs, and follow-through
bombs. Possibly the required improvement in penetration performance can be ob-
tained by developing bomb cases of increased streagth.

b. Development of large blast bombs with extremely light cases, to be used with

proximity fuses for air burst, us « weapon agsinst targets vulnerable to blast.
‘ ¢. Development of fragmentation bombs with more adequately controlled
fragmentation.

d. Development of fuses with more accurate control of timing, to permit bombs
to burst after penetrating the roof of a building and before striking the floor or pene-
trating the earth beneath. (See SAG report Explesives and Terminal Ballistics.)
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FUNCTIO": INDEPENTLY OF WEATHER
AND DARKNESE

6.1 The goal of the Air Forces is an all-weather air force, i.e., complete independ-
ence of weathzr, both for flying and car-ying out offensive and defensive missions.
Plying independently of weather includes take-off, landing, and traffic operations
without visibility, navigation without contact and minimum influence of the weather
situstion and wind on the flight path and flying time. The main requirement for carry-
ing out offensive missions in any weather is the replacement of viz:ai bombing and
visus} fire control by radar methods. The same methods and equipment which are
needed to ca~y out flight bombing and combat operations ir: cloudy weather serve the
same purposes on dark night:

BLIND LANDING

6.2 There are two aspects to the problem of blind landing, the sctual blind landicg
or blind approach of 1 single sircraft, and the problem of traffic control in the neigh-
borhood of a landing arex, which is in many ways more difficult than traffic control
along cross-country sirways. The first problem mentioned has beea attacked from rvo
different directions, represented by the glide-path-localizer system, sad.the isore
recent GCA (ground-controlied-approach) system. In the glide-path-localizer system
a direction of approach, and a glide path, are defined in space by fixed radio beams.
Through 2 suitable receiver and indicator the pilot iz apprised automatically of his
position relative to this path. In the GCA system the position of the aircraft is deter-
mined by a precision radar set on the ground and instructions are given to the pilot
over any svailable communication chanael. Each system has its advantages and dis-
advantages and both are certainly susceptible to technical improvement. The radar
method is inhereadly #zxible, and ¢ requites nc specisl equipment in the aircraft;
however, its traffic handling capacity is now rather restricted and it does require fairly
elaborate ground equipment :nd & highly trained crew. We cannot regard either
method as a universal solution of the problem. There may be in fact several future
systems or combinations of systems for different types of airporrs, ranging from per-
manent commercial sir bases to temporery landing scrips ai advanced military bases.
What is needed, in addition to technical imprc vem=uts, is exten:ive experience and a
comprehensive program of trials simed atan integrated combination of all usefu! aids.

TRAFFIC CONTROL

6.3  ‘Traffic control near an sirfield is peculiarly difficv’- i-ecause of the cougestion
which exists at suct: & focal point and the necessity of ‘rderly approach to the Ianding
path. Microwave search radur, on the ground, is s , werful aid and is a0 essentis!



adjunct of the GCA system. It does not, however, solve all the critical protiems, which
include commugpication and identification. Jt ought to be possible for a ground con-
eroller no: only to know the position and si.itude of aay aircraft in the vicinity, but to
wlk directly to zny selecte” on2 This requires a multiplicity of channels, and a degree
of flexibility and reliability not approached by any existing commusication eguipre-at
However, the voice communication technliques aveilable at microwave frequencies
are very promising and should be exploited. Incidentally the lLeavy investment in
exssting types of equipment is exerting & retarding influence on this development.
which we consider extremely important for the future Air Forces.

6.4  Going even further, one can envisage means by which some of the information
available ¢ the ground could be relayed to each pilot in the vicinity, almost com-
pletely breaking down the barriers of overcast and darkness.

INSTRUMENT FLYING

6.5  Navigation without cuntact involves, first, instrument flying, that is, controlling
the aircraft in a condition of reasonably steady flight on a given course, and second,
determining as frequently as necessary the position of the aircraft in ground coordin-
ates. W .ave to consider also obstacle detection or collision prevention.

6.6  Automatic pilots have been in use since about 1933, I the present form one or
more gyroscopes are used to detect rotations of the sircraft, the resulting relative
mation ie translated into & signal which is amplified and operates the controls, Means
are provided to make various adjustments of sensitivity and (o prevent self-oscillation.
The automeric pilot must be sdjusted to the particular type of sircraft and the best ad-
justment often depends on the roughness of the air. Automatic pilots for pilotless air-
craft must be designed to operate without the necessity of manual adjustments in the
sir.

6.7 Instrument flying in all weather conditions requires a solution of the icing
problem which is still a great obstacie to continuous operation of pilotiess as well a<
piloted aircrafe.

6.8  Anaircraft flying blind can keep track of its position by the sort of aided dead
reckoning provided by the ground-position-indicator for some time after a fix in
ground coordinates has been obtained. Even with further improvements in instrumen-
tation there will remaig the inherent limitation due to lack of precise knowledge of the
wi 1 Airborne radar of reasonably high resolution permits, o .<r lanc st least, contact
flying or direct radar pilotage, which may be used on occasion as the sole means of
navigation or may more usually serve to estabiisii irequent fixes for an automratic dead-
reckoning instrument. No: all sircraft will be able to affcid the space for this facilizy,
2nd, siuce the radar picrure muac pr interpreted by 2 human observer, pilotless aircraft
would be requized ro relky such & picture hack to the controlling base.

6.3 A very imporant means of blind navigation is provided by the long rerg-
hyperbolic system, Lorax, which bss come into wide uie. A detiled discussica of the
future possibilities of this and related systems is included in the report of the cousv!-
tants on radar. (See the SAG report Reder end Commanications.) W~ :tould call



particular attention to the possibility of increasing the accuracy ot such systems at
vecy long range, which uas an importaat bearing on the problem of guiding pilotiess
aircraft far beyond the horizon.

OBSTACLE DETECTION

6.10  Military operations require the simultaneous operation of large numbers
of sircraft under blind conditions. The problem arises of avoiding collission. Any
sirboroe radar with 360° view is capable of performing this function within the
limitations imposed by its minimum range and resolving power. The minimum range
is fundamentally limited by the pulse length; it is about 125 feet for a 1-microsecond
pulse. Hence, while the airborne radar search set suffices to warn of the approach of
other aircraft, it cannot be used to guide formation flying in blind conditions in the
tight formations employed in* cleur weather. However, there seems to be no good
reason for close formations in bad weather.

6.11 It would be possib!c to devise systerss smaller and less elaborate than a com-
plete search radar to perform suleiy the function of warning of obstacles. Whether
these would be worth while in themselves depends on the type of formation flying,
and the type of aircraft, which develop in the future.

WEATHER

6.12  Long range flights in general will be carried out at alticudes “over the wea-
ther” thus avoiding most disturbances caus ed by the weather situation. For this purpose
it is generally sufficient to fiy at 40,000 feet altitude at moderate latitude and at 50,000
feet altitude in the equatorial zone. Altitude flying involves certain equipment, especiai-
ly supercharged engines and supercharged cabins. Problems occuring ac high altitudes
in gas turbine and jet engine operation have to be solved. Furthermcre, problems of
seromedicine related to high alritude flying have to be pursued. (Cf. 7.11 to 7.15.)
The influence of wind will be automatically minimized by the high speed of future
aircraft.

6.13  The age of the “All-Weather Air force” is drawing nearer. However, it will
never be possible to ignore the forces of weather. The key to all-weather flying lies
in knowing what the weather will be, understanding its dangers, and circumventing
them. Circumvention can be achieved through the development of special equipment

vz ., aew electronic aids, television) and through careful sciection of dight paths.
Use of equipment, choice of procedures, and detecmination of flight paths must be
based on the weather forecast. The weather forecast is vital ... o grouad force
operatioas. Fire control necessitates corrections for stmospheric - .. utions, chemicei
warfate cannot be conducted viith precision when a weather forecast is lacking, soil
trafficability is a functicn of the weather, and tactics and planning demand an evalua-
tion of what future weathe: will be. No military operation is wholly {:ced frow ti~
weather; many are bound closely to it.

6.14  Wartime researches led to marked advances in upper air analysis, weather
forecasting, westher observation, un_d the application of weather information to miti-
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tary problems. Particularly noteworthy progress was made in upper sir researches.
Unprecedented quantities of upper air observations from all over the world provided
the fundamental data. Researches led to the formulation of new methods of upper air
analysis and to the ey’ znsion and development of fundamental theories concerning the
dynamics and structure of the upper air. Major advances were also made iz iv: g-range
forecasting. Several lorg-range forecasting methods were developed and svbmitted
to rigorous trial, using specially devised mathematical technigues to test their validity.
The best methods were then utilized to prepare weather advice to- pending military
operations. The development of new scientific devices, for exampi~. radar, made
possible the development of new and improved instruments which extended the range
and accuracy of meteorological measurements. In turn, the eflective use of radar re-
quired additional meteorological studies.

6.15  Future research must be directed towards improving weather forecasting.
obtaining vital knowledge concerning the upper atmosphz:e and ionosphere, and
achieving all-weather flight. The theories and data obtained during the war raust be
carefully checked and sifted to develop cew forecast tools. Theadvent of new weapaus,
such as the atomic bomt, guided missiles, robot planes, and very high ceiling airccaft
makes it necessary to obtain observational data for the upper atmosphere and jono-
sphere and to develop theories that will make forecasting practicable for these high
regions. This involves research in highly specialized branches of physics and meteor-
ology, for such factors as cosmic rays, terrestrial magaetism, jonization, and specisl
radistion effects become important in the high atmosphere. in the achievement of all
weather flight, the weather obstacles to be overcome in flight must be described and
roeasured in detsil if equipment and procedures to overcome the weather are to be
successfully devised. The atmosphere is of ever-increasing importance as the medium
through which the insrruments of war are launched. Meteorology, the science of the
atmosphere, is of ever-increasing importance to the military. To keep abreast of
modern military developments, research in meteorology must be vigorously pursued.

6.16 The conditioning of weather over large tecritories has not been seriously
considered in the past; however, the progress of meteorological ecience and the possi-
bility of introducing in the air large amounts of energy by nuclear methods, might
bring this aim into the realm of nuisibility. For exampie, the amount of energy re-
quired for forced local release of atmospheric instability in the case of convective
storms aad for the dissipation of fog should be within the limits of available energy
from atomic sources. The general problem consists essentislly of three parts: (1)
exact knowledge of the weather parameters in the domain in which we want to produce
<unanges, including both instaataneous values and theur tendency of varistion; (2)
methods of computing the future westher, as dependent on the presence or absence of
availsble control measures; 2ad (3) means of applying the controls, such as #-d'ng
energy in certain regions, modifying the refiection coefficient of certain aizas, etc.
It seems possible, with the aid of 2lectronic computers, 1o produce a mode! of & certain
region of ihe earth’s surface and the existing weather situation, ‘which can be used not
only for fast weather prediction, but also for direct rapid experimentatiois, on r madel
scale, with various control mcthods.

See the SAG report Weatber, by 1. P. Krick.
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DEFEAT ENEMY INTERFERENCE

7.1 The fight for air superiority includes the annihilation cf all the means the
<nemy has to take the air and the neutralization of his ground defenses. Hence, straregic
bombing and the fight for air superiority are intimately interwoven; bombing mis-
sions promote air superiority, and the gain of air superiority increases the effective-
ness of bombing missions. However, the possibility has to be envisaged that concen-
trated battles of air power against air power will be fought for control of the air, as
battles were fought for superiority on land and on sea. Then, of course, superior
experience, superior skill, and superior equipment will decide the outcome.

ARMAMENT VS. SPEED

7.2 It is possible to develop large battleships of the air which would depend for
protection on powerful, defensive armaneat including target-seeking missiles. It
must be kept in mind, however, that they will be opposed by fighter airplanes with
superior speed and maneuverability, of both the piloted and remotely-controlled
variety. This suggests that a more effective mcthod of defense against such attacks will
be obtained by increasing the speed, the ceiling, and the maneuverability of the bomber
to avoid th inevitable decrease in performance inherent in reliance on complex and
necessarily heavy defensive armament. The problems are somewhat similar to those
encountered in the past in building up sea power, and the future strategists of the air
will have to decide on the relative merits of the different schools of thought which will
probably develop.

7.3 As far as the technical probiems are concerned, speed, maneuverability, rate
of climb, and altitude, appear as the main requirements. Improvements in speed and
rate of climb are determined by impsovements in acrodynamics, propulsiun, and light-
weight construction One particular aiffculty with jet-propelled airplanes occurs
when fast climbing from the ground is required. Although the rate of climb is excel-
lent, the total time of reachinz a certain altitude is handicapped by the fact that the best
speed of climbing is relatively high, near the maximum speed. Consequently, consider-
able time is needed for acceleration of the plane near the grovnd. Probably means of
assisted take-off will be needed to reduce the time of acceleration.

7.4 Presentjet-propelled, fast airplanes laci, 1n some respeccs, the maneuverability
of earlier fighter airplanes. This is a natural consequeace uf higher flying speeds, bu:
steps must be taken to counteract it insofar as possible, in order to produce inter.
ceptors capable of pursuing successfully the fastest and most maneuverable enemy
bombers. This requires the maintenauce of lift to as large angles of aiz1<x as possible
without stalling, particularly at high Mach numbers, an:’ ‘>-¢ use of as low wing icad-
ings as are consiczent wit the requirements of high speed and range. In piloted air-
craft this problem also involves the blackout limit of the pilot, which must be maia-
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tained as high as possible by use of pressure snits and other acro-medical techaiques,
and prcbably by use of the prone position in very fast interceprors.

HIGH ALTITUDE

7.5 To secure air superiority 1t is necessary i reach equal or higher altitudes
than the enemy. Rocket-driven airplanes are especially suitable for extreme altitudes,
because their propulsion is independent of atmospheric air, although their flight dura-
tion is inherently limited. Hence, it will be necessary to use every possible means to
adapt other types of jet propulsion to high altitudes. Improvements in combustion
and improvements in compressor design are the main requirements, especially the
elimination of difficulties which sre encountered in compressor efficiency when super-
sonic flow occurs in the machine.

HUMAN LIMITATIONS AND CAPABILITIES

7.6  The human elemen., hoth on the ground and in flight, is of paramount im-
portance in global operations direcied toward attaining sir supremacy. The study of
this elemeut is the concern of aviation medicine which includes: (1) the intial selection
of personnel on the basis of those human qualities which mske for efficient combat
airmen with emphasis on vision, hearing, reaction time, neuropsychiatric normality,
cardio-respiratory efficiency, physical prowess and psycLologic adapuability; (2) the
training of sircrews in the technique which will enable them to perform efficiently,
independently of w=ather and darkness, under the unusual stresses produced by high
speed, high alticude, great maneuverability, rapid changes in barometric pressure with
changing altitude, and instrument flight and contact with the enemy; (3) the effect of
flight on the human organism; (4) the maintenance of health, efficiency, and safety of
flving personnel under all environmental conditions; and (3) a detailed consideration
of human requirements and limitations in the design of aircraft, so that the sirman-
aircraft complex will be made into an efficient fighting element.

7.7  Inasmuch as human tolerance does not change, the steadily progressive in-
crease in speed, ceiling, and potential e1neuverability of sircraft has resulted in a
progressively smaller margin between psy cho-physiological requirements and human
tolerance. Once supersonic speed is exceeded, this margin will be of paramount im-
por.ance in the operation of ihe aircraft. Hence, it is essential to determine under all
conditions of flight the human tolerance as given by nature and the limits which can be
ar i~ 4 as the result of selection, teaining, and the use of sy.:cial protective devices,
such as a G-suit, in order to utilize fully new aircraft in combat operations. Of necessity,
the performance of present and future aircrart viiis be based i purt on human limita-
tions and capabilities.

7.8 An additional human {actor is that once an aircraft is damaged and must be
abandoned, the aeronautical engineer’s problem is over but the problem of survival of
the crew, wherever they may happen to be in the world, is just begiuuiag.

7.9  High-speed flight and maneuverability result ia certain hazards and sresses
on the flyer. At the comparatively slow speed of 600 mph, 880 ft are traversed evesy
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second. Between the time the pilot receives an impulse to act and action by the pilot
0.2 sec elapses for simple reactions and he has traveled 176 ft without anything hap-
pening. For discriminative reactions the reaction time may be 0.4 sec or more. These
times require thst the control« be immediately at hand and that the flyer be alert. If the
situation requires 2 change in the course of the airplane, siming and firin;? i - or
carrying out other mechanical tasks, the total time lag increases (ceaction time and
mechanical lag). To keep this reactionless period at a minimum requires that pilots
be selected who have the shortest possible reaction time. When two aircraft are ap-
prosching head on at a speed of 2000 mph there will be an extremely short iaterval of
time from the instant when the crews of the two aircraft first see the other aircraft
until the aircraft are passing. Obviously radar aids are essential. Danger of collision
will be a real possibility. )
7.10  When flying at very high speed quick turns with resultast high acceleration
of short duration may be a method of eluding guided missiles. Ti-erefore, studies to
determine the effects of comparatively high acceleration of from 1 to 3 sec duration on
fiving personnel is of vital imf rtance. Also the effects of exposure to negative acceler-
ation immediately after expusure to positive acceleration and vice versa should be care-
fully investigated. The effect on ac.cleration tclerance of such factors as anoxis, cold,
heat, febrile and post-febrile state and intake of food and fluids is virtually unknown.
All acceleration suits should be incorporated into the flying suit. Determintion of the
maximum acceieration that can be tolerated when the pilot is in the proae position
\approxim :ly 10-12 g from the chest to the back) snd still allow menip: lation of the
~ erols will allow the aeronautical engineer to design such zircraft \» withstand
higher acceleration than ever designed before. However, the tolerance of & nan in the
prone position to acceleration from the head to feet on take-off and feet ¢, head on
Ianding is known to be quite low.
7.11 Flight at high altitudes requires the use of oxygen by the crew. The oxygen
equipment, now used by the Army Air Forces, gives fiyers complete protection against
anoxia up to altitudes of 37,000 ft. For continued flying efficiency above 37,000 ft,
some form of added pressure must be used to protect the fiyer. Pressure breathing (6-
in. water pressure) can increase the ceiling 2,000-3,000 ft. Pressure breathing used
in connection with counterpressure pneunatic clothing can give protection for a few
minutes as high as 60,900 ft. Presiuce suits and pressure cabins, however, give the only
complete protection at extreme altitude.
7.12 Aeroembolism (or Lends) is & serious humaa limitation in high altitude flight
and becomes incressingly signiS~aat above 30,000 ft. For oue hout’s exposure at
3¢ 071 fy, one person in ten would be incapacitated; one in four at 40,000 ft. Very few
individuals can stay more than 20 min sbove 40,000 ft without suffering from sero-
embolism. Prebreathing of oxygen for from 1/2 0 1 hr befcre flight can delay very
considerably the onset cf aeroembolism. On the other hand, exercise at 3ltitud.
increases the dsoger of its onsei.
7.13  Of the mechanical effects of sltitude, the most serious is the rapid expansion
of body gases, especially above 30,000 ft, which, if they exist, caz cavee psitful &h-
dominal discomfort. Extreme rates of decompression &~ well tolerated bu: cotapres
sion rates above 1 psi/min are increasingly difficult to withstand except for speciaily
trained and selected persoanel.
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7.14 A1 aircraft designed for extreme high-sltitude flights (ten miles and up)
must be equipped with pressure cabins and ideally should be maintained at an absolute
pressurc of 4.4 psi or over. Pressure suits have been built that satisfy this requirement
but have proved to be extremely cumbersome and awkward.

7.15 Experiments on uunian subjects have shown that the human body can t5!=-ate
s relative expacnsion of internal gases of 2.3 during any explosive decompression of 2
pressure cabin or a pressure suit. Above 50,000 ft, however, it is virtually impossible
tc prote: « a pilot by preper choice of cabin pressuic condition from both the dangers
of anoxia and expanding internal gases. Loss of cabin pressure at any altitude above
50,000 ft will place the pilot in sufficient danger to require emergency protection
from some form of pneumatic clothing, a practizal version of which has yet to be
developed.

~7.16  Emergency escape from an sircraft, while traveling at extremely high speeds
(transonic and supersonic), and at high aliirudes (10-50 miles) will require many
special considerations. A parachute must be developed that will relieve the v~ty high
expected opening shock and will be free of oscillation. For this purpose, the German:
developed the ribbon parachute. Emergency oxygen must be carried, probably in the
parachute, and for bailouts abovs $1,000 ft, some protection must be provided against
severe anoxia and aeroembolism. Methods must be provided to eject the flyer free of his
damaged ship. Ejection seats as an escape method are only practical for subsonic
speeds. Full-face oxygen masks will protect the face from wind blast and cold. The
concept of an ejectable cockpit, properly pressurized, is at present the best probable
solution to escape at ext-=me altitudes. For s - & cockpit, a stabilizing parachute is
required as the speed drops through the transonic ra..4e. Larger parachutes free of
severe opening shocks will be required to reduce descer. to a safe value for striking
the ground. Alternately, the cockpit could be unsealed sutomtically Helow 30,000 ft
and allow 2 conventional parachute descent. Automatic opening devices should be
used throughout the sequence of events.

7.17  The high skin temperature of supersonic aircraft will require special protec-
tion for the pilot against heat prostration. Air-cooled flying clothing will be a require-
ment. Proper choice of insulation on the cabin will be a factor. As the speed of the
aircraft drops to subsonic levels, proteciion against the cold for the pilot must be
considered.

7.18  Since some rocket-propelled aircraft may use liquid oxygen us one of the
fuel components, this liquid could be used as a source of cabin pressurization, as a
source of oxygen for the pilot, and as a method of cooling an air ventilated duct for
preteion against excessive cabin heat. For rockat propulsics, using toxic liquids or
atomic energy sources, protection must be given the pilot against noxious gases or
radiation.

COUNTERMEASURES

7.19  High spced, maneuverability, and high altitude are the meany of sszaping
interference from ground defenses. However, we mus: - iicibute to the enemuy th: same
highly developed weapons of defense which we try to develop. Hence, it appears im-




perative to have in our airplanes means fur detection and deflection of target-seeking
devices simed at them. This is one of the many problems which concern counter-
measures against new remote-controlled or homing devices.

7.20 A techeically cor petenat znemy will try to thwart our operations by counter-
measures directed at our own electronic devices for che collection of inforrasion ..al
the transmission of intelligence and control. The vulnerability of a target-finding racdar
to jamming is no less importent than the vulnerability to fighter attack of the vehicle
which carrins the radar and the bomb. We have seen in the war just past a lively battle
of weapon and counterweapon in the fields of radio and radar. Ai certain times we
enjoyed the advantage of a new technique, temporarily unknowa to the enemy, and
hence, of a period when a new device (for example, microwave ASV radar) could be
used with impunity. It would not be wise to count on many such advantages in the
future, and it is, therefore, important to asress the vulnerability of uew devices at an
early stage of their development. In the repor’s of the indivicual roosultants on radar,
communications, inirarc |, and guided missi.>s, the specific problems of counter-
measures are taken up. "t is worth while (o present here certain broad conclusions
which emerge from these stus’es:

s. The fact that an electronic device can, in principle, be jammed (and most of
them can) does not necessarily mean that it will be jammed so as to impair seriously
its military value. The problem of jamming, reslistically considered, is not merely one
of ingenuity, of which we must assume that the enemy has an unlimited supply, but of
electric power and energy and well-known physical luws. It may be made uneconomi-
cal for the enemy to interfere with some device of ours, even though he regards itas a
serious threat.

b. The developments in radar and related fields which promise the most in
freedom from enemy interference are the use of a diversity of frequency channels,
rapid tuniug from one channel to another, higher power, and where consistent with
other requirements, more directive beams of radistion. The opening up of the micro-
wave region of the spectrum has, on the whole, made the task of the would-be jammer
much more formidable.

c. Radio links used for remote guiding and control, or for transfer of incellig 2nce
from and to unmanned aircraft, will prcoapiy make more and more use of the *com-
binetion-lock™ type of security, exemplified by electronic pulse coding and decoding,
in contrast to the “concealed-buston” type of security, which involves the dungerous
assumption that the enemy cannot readily discover what we are doing.

d Conceslment and camouflage agains: detection by radar snd other means have
been developed vigorously and will continue to develop. We must keep active and
alert in this Geld, if only to be able io anticipate *%.e countermeasures to which our

" devices may fall victim.

e. In geaeral, elecironic weslare puts & premium on ingenuity, speed, adapta-
bility, and alertness. Against the countermessares of a determined and techaicaily
advanced enemy our only permanent military asscts are well-informrad. resous ceful,
scientific personnel, and 1 flexible production organizat~: .
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PERFECT COMMUNICATION FROM GROUND TO AIR
AND FROM AIR TO AIR

8.1  The preceding discussion has assumed accurate and relisble communication
between the airplanes involved, and between the airplanes and their base. Present
evistion communication, while fairly satisfactory, still lacks & good deal in realibility
snd sbility to make contact. However, if the present rate of development continues, the
requirements of the projected Air Forces can be met in a relatively few years.

8.2 At present the .ommunication problem is divided inio two varts:

a. Lisison communication for the long-range transfer of information between
individual sirplanes or flights of nirplanes and their base, distances from a few hundred
miles to several thousand m!-s.

b. Command communication between the members of a group or formation
of planes.

8.3  Future aviation commuanicatic n will undoubtedly retain these two subdivisions,
and will probably include a third, samely short-range communication between 2ir
bases and airplanes, for the purpose of guiding offensive operations, teaffic direction,
and landing control. This may include visual presentation by television 2nd instru-
ment indication, as well as voice communication.

8.4  The lisison system mwust operate on frequencies between one and ten mega-
cycles. This is because radiations st higher frequencies follow essentially line-of-sight
paths, while lower frequencies, zuch as are used for transocesnic communication,
require antenns lengths which cannot be accommodsted, even in the largest bombers.
In order to obtain communication at a distsace in the frequency range svailable for
lisison work, it is necessary to deepad upon ionospheric reflection, and to obeain re-
lisbility it is esseatial to seloct from among eight or ten bands in this regi~n. Because
of these limitations, lisison communicatiun is limited to between five and ten speech
chanaels. This meens that the communication must be very highly organized in order
to economizxe in the channels aeeded.

8.5  The use of teletype systems and special voice coding can greatly reduce the
frequency bandwidth required for a communication channe!. By adopting these
mesas, & grest many more channels become available. This may become an important
part of liaison.

8.6 Long-distance communication of the lisison type may be suppleniented by a
high-frequency relay system. This will make svailable & large number of channels,
which can be used for liaison. However, the longec wavelength direct lisison chanaels
must be retained in the eveus the relay chain is broken.

8.7 Commsand communication allows a much greacc. ietitude in the selectiva of
the frequency at which it can operate, since only line-of-sight is required. In practice
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it will be carricl on at as high a frequency ac possible. in order 1o make available a
maximum of communication channels, limited only by the state of techaical develop-
ment, antenna considerations, sud the mole-ular absorption of the air.

6.8 At present, comm-nd systems operate at trequencies around a hundred mega-
cycles. 1n the immediate future the frequency should be increased by a farior € at
least ten, and perhaps much more. There will be available 2 large number of commani-
cation channels at these upper frequencies, so that each airplane in the group or for-
mation can be assigned individusl channels, in addition to geners! and emergency
channels shared by the whole group.

8.9 The channel space available can be used not only to gi' ¢ a large number of
bands, but also to protect the system from jamming, interference, and interception,
by using special forms of modulation, multiple chanaels, or other refinements.

8.10  With the large number of channels to be employed in (bis type of operation.
it °s imperative that the individual units be integrated into a ciosely kait practical
sysiem. This c2n be done following practices similar to those employed in ordinary
tetephone systems. Each sirplane in the formation would be assigned s frequency or
pair of frequencies on which ii > would commaunicate with anyone calling hinai. In order
to call another sirplane, the calling transmitter and receiver would be tuned tn the fre-
quency of the station being called, simply by manipulating a numbered dial similarto a
telephone disl. While certain problems conaected with frequency stability remain,
steps have aiready been taken toward their solution in the use of a single subilized
oscillator to control the frequeacy of both transmitter and receiver, various feedback
systems, and similsr measures. In such s network it would be cssential that certain
master channels be kept open at sll times for the reception of genera! commands and
emergency instruction. Since these channels must be available whether or not a station
is calling another airplane, this arrangement may require some duplication of equip-
ment. This will nct be seriously objectionable, because short-range, high-frequeacy
radio equip. *at can be made relatively small.

8.11  Certain command operations may oe aided by highly directional transmission.
Communication of this type can be carried out very efficiently in the microwave por-
tions of the radio spectrum. Laboratory models ~f receivers and trapsmitters are at
present in existence, and the technical vailability of this equipment is assured.

8.12 The extremely high-frequency portion of the radio spectrum, that is 60,000
megacycles ot more, hat ceriain properties which may be of value for short-rang*
command systems. Here the molecu'=c absorption of the atmosphere beigns to be
impostant. This means that the signal is attenuated very rapidly with distance. Thus,
it would be possible to carry on communication between sirplanes in a formaticn
and yet mainuwin radio silence as far as ground detector or more distant airplaces
are concerned. However, before such equipment becomes avilable for practiczi
avistion application, it must ge *hrough s long period of research and deyelopment.

8.13  For single-seater fighters and other aircraft where one man must perform a
great many operations. as well as uc. as radio ope; tor, it may be nc:essary to supp’e-
meut voice communicsiion with an ind?-atiag system, + ;s a semipermanea: record of
the message. De~elopmental equipment of this type has sl eady heen produced in the
form of the British “Beechnut”’ and American “Volflag.” These units not only give an



annunciato: presentation of the message, to be read by the pilot, but also give an auto-
matic answer-back when the equipmen: correctly records the signal. This typ- of
equipmen: can be made highly se’cctive and jam-proof.

8.14  Facsimile may also serve as an adjunct to voice communication. It allows the
transmission of large amounts of information over a relatively na.row chaar. L
Furthermore, this information is in the fcrm of a permanen: record. Tl informaticn
which can be tranamitted may be in the form of maps, pictures, or charts, in addition
to written words, which in itself can be of considerabie value. Because the bandwidth
required is somewhat greater than is needed for speech transmission, it probably will
not be used as lisison equipment, but will be operated at command frequencies and
on radio relsy chains.

8.15  In order to carry out successfully lurge-scale aerial operations under all
weather conditions, it is necessary to provide very complete contact between the air
base and airplanes leaving or cpproaching the base. When large numiers of airplanes
are involved, voice communication will not be adequate, but must be supplemeoted
by some form of visual aid. A modification of the “Teleran™ system can provide the
required conta ¢ With this ystem, the location and altitude of all aicplanes in the
neighborhood of the base are dcic:mined by radar equipment at the ground station.
This information is electronically plotted on maps of the terrain, dividing the space
above the air base into a predetermined number of levels. A picture of the map and the
airplanes at a given level is transmitted by television to the airplanes at that level.
Thus, the pilot of every sirpiaae at each level knows the whereabouts of every other
sirplane at his altitude, and the danger of collision is greatly reduced. The transmitted
map carries with it appropriate meteorological information and any instructions that
may be necessary. Blind landing and take-off aids are also provided for airplanes at the
lowest level.

8.16  This system gives the ground station complete coatrol of the airplanes in the
vicinity und makes possible the concentration of Iarge numbers of aircraft with reia-
tively lictle danger. It alsn makec it possible for the air station to direct the grouping
of large sirplane formations and perform other functions necessary in carrying out air
activities on & lazge scale.

8.17 The three classes of communic=*ion described will provide fur the inter~—
change of informatiou «equired for integrated air activity or a large scale. In its present
state of development, the radio art is in a positipn to supply most of the techaical
means for liaison, command, und sir-base control. However, radio research should be
encoursged in order to improve preseat means and develop new equipment giving
be<+ ~erformance. (See the report “Aircraft Radio Comm=nication Equipment,”
Part 111 of the SAG report Redar and Commuwications.)
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DEFENE HOME TERRITORY

DETECTION AND WAPRNING

2.1 The first problem of defense is detection and warning. The successful defense
of England was attributed largely to long-wavelength, early warning radar, installed
2t the time of the Mun.ch agreement. This equipment could detect aircraft at a range of
130 milés ai normal Cruising altitudes, ulthough its resolution was so low that it could
not separate as distinct indications two aircraft 10 or 15 miles aperi. Aircraft at low
altitudes could not be detected. Had the Germans known the limitazions of the equip-
ment, they could have defeated its use.

9.2 These early types of equipment, operating on wavelengt: i of ten and three
meters. were succeeded by n.icrowave equipment of much greater resoluticn. The
range of all types is essentially limited by the optical horizon. It is possible to build
equipment capable of detecting all aircraft flying below any give altitude and above the
optical horizon with a resolution and position accuracy of the order of 150 feet, under
normal atmospheric conditions. It is possible to eliminate from the indicator all targets
which are nct moving. Hence, the ares covered will e determined by the height of the
set and the screening by surrounding hills. The height can be increased by using air-
borne sets, but the size of the available aircraft limits such equipment to lower weight
and power, which in turn limits the range to about 200 miles.

9.3  Identification of the detected aircraft as friendly or hostile is a major problem.
Identification beacons have been found to be only & partial solution. Relinnce has to be
placed in large measure on knowledge of the flight plan and of the progress of the
flights of all friendly aircraft, identifying unfrieadly aircraft by a process of elimination.
Advances in « mmunication techniques will probably supply additional aid in iden-
tification.

9.4  Unsolved problems in detectior: a..d warning are the ability of sircraft to Ly
low, o that they remain below the optical horizon natil very close, and the problem of
detecting missiles like V-2, comiag in from the stratosphere af steep angles outside the
angles covered by present radar warning sets. The first may be solved by the use of
airborne search radar sensitive ooly to moving targets. The second requires only
g uivoual engineering development to improve the high-sititude coverage.

9.5  The provision of warnicg alone, withcut methods of defeating the artack, is
useless. The warning network must be integrated with the control of fighter and mis-
sile squadrons.

COUNTERMEASURES AGAINST MISSLES

9.6  'The second grest problem of dzfe. sc of home territory is conntermiasures
against missiles. We shall not he:e discuss passive measures, such as dispersion of
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industry, wderground location of key targets, etc.. but only the active measures against
the missile in flight. So far as known at present, the possible acuve measures against
atomic bombs dn not differ from those agsinst missiles carrying ordinary explosives.
Such measures wi. he directed to deflect the attack by electronic disturbances, to
produce premawre explcsioc, and finally to hit or destroy the missiles by blaet o
fragmectation f..: warheads of defeasive missiles.

9.7  Any missile using remote radio control, electronic homing devices, or proxim-
ity fuses, can in theory be jammed. In practice it is necessary to know something of
the methou ..f cperation and to adapt jamming equipment to the particular enemy
device. This information may be obtained either by intelligence methods, by contin-
uous search of the electromagnetic spectrum, or by examination of captured equip-
ment. There is no blanket over-a!l method of jamming which would defeat any and all
types of elecuronic apparatus. This method of defense requires extremely close cooper-
ation between iatelligeace officers, special reconnaissancc patrols, and electronigs
specialists engaged in development of jamming equipment. '

9.8  Missiles using homing devices may be deceived by decoy targets. Thus a
missile using heat radistion .~uld be decoyed by artificial targets. This device is of
limited application, since techniques of target selection are known, and the enemy
must be assumed to possess them. It would be difficule, if not impossible, to locate a
decoy target within the field of view if a missile were directed toward the real target
and yet far enough away to be outside the radius of destruction of an atomic bomb.

9.9  Many persons have suggested the possibility of producing premature explosion
or otherwise incapacitating missiles by means of some form of ray. If the missile
carries a proximity fuse, it may indeed be possible to operate it by a suitable electronic
jammer and thus explode the bomb, whether it consists of atomic nr ordinary ex-
plosive. In the absence of a proximity fuse or of a system for remote electronic contro!
of detonation, science offers nc prospect of detonation at a distance. The interaction of
electromaguetic radiation with matter has been thoroughly investig.ted from long
radio waves through microwaves, infrared, visible light, ultraviolet, X rays, gamma
rays, to cosmic rays. Our ability to concentrate radiant energy at & distant point is
limited by a fundamental property of wave motion in an unbourded mediun, i.e., the
tendency of the waves to spread. Even if tv/.ce the total electric power of the United
States were placed in a single beam from a reflector 50 feet in diameter, the intensity
at one mile would just reach the sparking voltage in air. Furthermore, shielding is
relatively easy, becavse of the high inductivity of metals. The very shortest rays cannot
be focused, and the energy decreases as the inverse square of the distance. Thus, present
sciz 2217 _ knowledge offers no hope for, but on the contrary distinct evidence against,
the possibility of detonating bombs at a distance. —

9.10  No serious attempt has yet been made to hit a projzctile or missile moving
with, say, twice the velocity of so:1d. However, by adapting the target-seeking prin-
ciple to winged rocket projectiies, it should be possible to accomplish this aim, pro-
vided location and warning occur suff ciently in advance. Another principle wor:id b.
that of a barrage of aerial mines; however, it does not ag ™ «r possible to inc.ease the
deasity of the barrage to such an extent that the missile would not slip through. Cer-
tainly both methods should be studied.
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2.11 Against aircraft, manned or unmanned, moving with sonic or slightly higher
velocity, target-seeking automatic interceptors seem to give most promise The Ger-
man project Wasserfall, the Britith CAP project, and some of our own undertakings
move in this direction. Ramjet propulsion seems to be the most efficient way to reach
the necessary speed and flight duzation.

9.12 Manned interceptors will be developed, as well as automatic devic:s. For
thiz purpose both rocket and jet propulsion drive should be considercd. For extreme
altitudes, the rucket may be the only method of propulsion whick promises success.
Hecsuse of human limitations, manned interceprors probably cannot be used against
extremely high-speed uamanned missiles.

OFFENSE IS BEST DEFENSE

9.13 One possibility in the future may be the rocket barrage wiik atomic warhesd.
This could be used against aircraft or missile: traveling at high altsude. If the rauge
of the effect of the atomic explosion is exactly known {cstimated as abcut two miles
for the present atomic bomb) and stomic explosion is possible in devices of reduced
size, damage on our own tenivnry can be avoided. Especially, attack from the high seas
could be prevented by projecting the barrage at 2 sufficient distance out to sea.

9.14  While it is profitable to develop as effective means as possible for both active
and passive deiense agsinst enemy action, it must be remembered that a purely defens-
ive attitude is defeatist. A nation which relies solely on defense for its security is in-
viting disaster. Engiaod might wel! have become untenable if only defensive measures
had been relief on to stop the V-2 atacks. These attacks were only stopped after use
of the launching sites had been denied the enemy. Japan's defeat was assured when
she failed to deny us access to air bases from which we could attack the homeland
itself. The bess defonse is cdequate preparation: Jfor « strong offense.
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PROBLEMS OF ORGANIZATION WITH
RECOMMENDATIONS

FUNDAMENTAL PRINCIPLES FOR ORGANIZIATION
OF RESEARCH

10.1 The spectacular innovations in techaological warfare which appeared with
ever-increasing momentum in World War II have made - extremely conscious of the
necessity for continuous scientific resesrch tc insure . ‘ntenance of our national
security. The legislative and executive branches of the government, industry, and
science are now intensively enj. eed in finding the best form of organization and the
most efficient scheme for uniting all efforts to create the best facilities and utilize all the
available scientific talents. Many of the fundamental questions of organization will be
decided after the legislative work has been done. However, it is of the utmost impor-
tance that the Air Forces lay down che leading principles of their own policy and
establish the foundation of organized research in their own realm.

10.2 The basic principles of the responsibilities of the Air Forces in the scientific
domain may be formulated as iollows:
-\
a. The Air Forces have the fundamental responsibility for insuring that the
nation is prepared to wage effective air warfare. This responsibility cannot be dele- \

gated to any other government ageacy or scientific body.

b. The Air Forces must be able to call on all talents and facilities existing in the
nation and sponsor further development of facilities and creative work of scientists and

industry. Q\
c. ‘The Air Forces must have the mezc.. of recruiting and training personnel who

will have fuli understanding ot the scientific facts necessary to procure and use equip- /

ment which is more advanced than that used by any other nation. /

d. The Air Forces must be authorized to expand existing AAF research facilities /
and create new ones to do their own research and also to make such facilities available
to scientists and industrial concerns working on problems of the Air Forces. /

10.3  During World War 11, the Air Forces cz,uyed the fr: its of research work
being done by several scientific bodies organized or called vpon for the duration of
the war. Moreover, the whole scic.tific manpower of the nation was available to the
services, and a great portica of it to the Army A Forces. Hew to secure the coopexa-
tion of science and industry during pcacetime is a very difficult problem.

10.4  Unfortunstely it is not possible 10 establish the p- -_ssary link betwee/. scienre
and industry o oue side and the Aic Forces on the viher, by establishing contact and
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agreement at the top level only. It would be simple to establish an office of organized
science and agreq to allot scientific problems to such an ofiice #ad military problems
to the Air Forces.Elowever, scientific results cannot be used efficiently by soldicrs who
have no understanding of them, and scientists cannot produce results useful for war-
fare without an undsrstanding of the operations.)The following sections present
certain recommendations which may have some value for the solutio~. oi .he problem.
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COOPERATION BETWEEN SCIENCE ANP THE
AIR FORCES

111 It is generally recognized that an adequate national program for extending
the frontiers of knowledge in various ficlds of basic science is a necessary adjunct to
the maintenance of military security of the nation. Every scientivc development
cventually finds its way into the field of military applications. However, basic researgh
requires time. Wars are fought with weapons based on fundamentals discover.d during
the preceding years of peace. Discovery of fundamental results is dependent on an at-

11.2  For these reasons government authorities, military or civilar. should foster,
bu* wot dictate, basic resesrch. The successful conduct of such re: earc™ -2quires free-
don. and continuity of effor «~d cannot be accomplished by interin-rent contracts for |
small tasks. Research staffs cannot be assembled and dispersed rt snorv intervals. In |
addition, parallel competitive sttacks on resesrch problems do not coi:stitute wasteful *
duplication. Coordination should take the form of exchange of information, rather \
than centralized dictatorial contro} of projects, funds, and facilizics. /
11.3  The Air Forces do not desire to do basic scientific r-search in their own
organizations; however, they wish to encourage and sponsor 1u h research as they
deem necessary for the defense of the nation.

11.4  Atthe present time there is a tendency to concentrate the lirection of scieatific \
research activities in one controlling organizetion and make this organizatioa respon- |
sible for the production of scieatific results needed by the servicer. for the developme

of new weapons and equipmeat. Such centralization czn be detsi mental to Americs
science, if it means exclusion of independent individuals and sruli groups of research

within a pation. .
11.5  Genesally i may be said that th. -onception and initix] development of new
ideas often come from mer and groups which are widely dispersed and not directly
connected with central organizetions and planned research. Jet propulsion and atomic
energy are good examples of this thesis. In both fields individual initiative, not dic-
tated by any preconceived plaa, played an important part, both in this country snd
sutuui. If free enterprise snd initistive are necessary for main aining a sound economy ./
within a nation, certainly they are even mose necessary in scientific life.
11.6 It is imperstive from this point of view that the Air Forces continue an:™
expand their prescnt direct relations, spiritusl and contraciual, with various universi- |
ties, research laboratories, aad indivi‘ual scientists. None of the central orgsaizations
‘ existing now and to be established should be the oaly source of informatice and the( 3
sole intermediary agency between sciznce and the Air Forces. The Ai: Yorces xhou'd
save the freedom to csll o insitutions snd individve-!: whose assistauce. ey dees
to be of the grestest benefit for their program. P

mosphere of freedom from immediate specific goals and time takles. G\

men whose contributions are vital to the maintenance of an sbvadant scientific life /)->
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1.7 Tae ideal goul is, on one side, the creation of a scientific atmosphere in the ‘
Air Forces, on the other side, the maintsining of s permanent iaterest of scientific '
workers in problems of the Air Forces. The handling of research on applications of
nuclear physics by some militery authorities gives 20 interesting exampie of how
scientific people can be tutagonixed by toe much command.

11.8  The physical attributes of scieatific life are libraries, laboratories, publica-
tions, society meetings. The main impediment to high-grade cooperative scientific
activity in the past has been the conflicting philosophy of scientists and soldiers in
bandling scientific matters. An unavoidable difficulty is introduced, of course, by the
security restrictions necessitated by the character of military researck. However, it is
believed that this problem can be successfully solved.

11.9  The first requirement for successful scientific collaboration is au efficient
method of making the material contained in the archives of the Air Forces and other
military bodies accessible to those scientific workers whu are clxared for classified
information and whose cooperation is desired. The lack of such an organized libriry
service has in the past been oae of the great impediments to scientific work. The Air
Documents Division, estabiis!od recently at Wright Field, may b= the nucleds for the
development of an efficicnt library sad information service. ‘

11.10  Concerning the Iaboratory work, it is recommended that Army Air Forces
personnc! be assigned to civilisn laboratoriss, in order to scquire sa intimute know-
ledge of scientific “esearch to permit them to evaluate correctly scientific facts and !
effectively direct and supervise research in the Air Forces laboratories. However, the
personnel sssigned to civilian laboratories should 2ot be there a3 supervising or liaison
officers, but merely to Jearn. On the other baad, it is recommeaded that the Air Forces l

develop a scientific reserve corps familiar with cuzrsat military problems, as a pool

for active service in wartime. Younger scieatists, who were workiag on projects in

various civilian organizations duriag the was, would constitute admirably fit candidates ‘
for this recerve corpes.

11.11 The employment of civilian consultants, which was authorized for the durs-
tion of the emergency, should be continued in peacetime. The wide variety of research
and development problems facing the Air Forces defimitely requires that :he Air Forces
e able 10 call upon sperialists fioz time to time and for limited periods, in order to
obeain the best sdvice and comprehensi: ¢ reports on selected topics of current interest.

11.12  During the war several Insoratories, emablished by the services and the
NDRGC, in close connection with universities and directed by scientists belonging to
tk. «_ sersities, made important contributions. This favoradie resuli suygests the
establishment of cooperative laboratories, in which the administrative and financisi
responsibility and mansgement would remain with the govarnmeat, 2nd the scientific
direction would be undertaken by faculty members. This method would solve te
security problem and yet heve the advantages of the geographical and spiritual con- :
nection with a place ¢ scientific learning. f

11.13  In the field of publications snd meetings, it is rer.mmended that thz interen ’
of scientists in military problezus be cuitivated by spucsoring s society for ailitary
sciences, whose membership and publications would be restricted in confurmity with
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security regulations. Air Forces personnel should be given membership ir this society
and permission to discuss and publish the results of their endeavors in the classified
publications of the soci~ty.

11.14  The following ~ecommendations are therefore made:
a. Direct research contracts between the Air Forces and scientifc iputut. si.s.

b. Library of classified material, to be made available to scientists who have been
cleared.

¢. Exchange of personnel between the Air Forces and civilian laboratories.
d. Authorization for temporary employmest of scientific consultants.
e. Cooperative laboratories in cluse connection with universities.

f. Scientific society for military sciences, with membership requiring clearance,
and classified publications.



—— e by

T~ PREVIOUS

-

s e s e o )
PAMIR WA BLANK, THEREFORE WAS NOT FIIMZD

-~




- v R R R R

PREVICUS PAGE VAS BLANK, THEREFORK WAS »T 71

P aiten o oo

e #

COOPIRATION BATWEEN INDUSTRY AND THE
AIR FORCES

12.1  Thkis report does not deal with problems of procurement. Thus the analysis
and recommendations are restricted to the problems of research and development to
e done cooperatively by the Air Forces and industry.

12.2  The main field in which industry and the Air Forces will work in close
cooperation is applied research and development, It is imperative that the Air Forces
separate funds and management of development contracts from procurement con-
tracts. In the past, much time and effor: have been wasted by lack of a clear line between
pro-urzment and drvelopment. Development concracts should also be based o~ com-
petition, siac. the competitive spicit probabii; produces the best solution in the short
est time. However, competit1 3. in scientific and developmeut work is different in its
nature from pure commercial competition.

12,3  The main objective in separating tesearch and development from procure-
ment is to make it possible for industry and the ralent available in the industry to carry
on applied research, which is absolutely necessary for rapid progress in the articies
to be produced. Some industris! companies own facilities and funds for this purpose,
as for example, the large companies producing electrical equipment, automobiles, and
chemical products. These companies practice mass production and have a wide market
for their products; therefore, they are able to do applied (in some cases even basic)
research for the purpose of improving their products or of reducing the cost of pro-
duction. In the case of the aircraft industry, it is generaily recognized that the govern-
ment must at least partially support the costs of applied research, because many cf the
problems refer solely to military applications and the costs of developmen. cannot be
recovered &5 the sale of the product. It is believed that it is more advantageous for the
Air Forces to pay for the research needed than to pay higher prices for the products
which would include the costs of develntm.cat.

12.4  Supersonic flight and pilotless sirplanes will undoubtedly create a gap be-
tween sircraft used in civilian life snd in aerial warfare. Consequently certain parts of
the aircraft industry will be engaged in developments which have no commercial value
and wi'l not result in large orders from the government during peacetime. It is then
necessary that promising developments of this type be carried through the pilot-plant
stage with the financial support of the Air Forces, T%ese pilot plants should be able to
furnish the quantity necessary for tactical evaluation of the equipment. In addition, al!
preparations must be made for = ~curing a rapid expansion of production of both
materials (such as special fuels and propellants) and devices (like missiles, electronic
equipment, etc.).
/ /128 Maay probicms © quire facilities which are onlv ~- a1lable to the govirnmen:.
. I the past the NATA, at the request of the armed services, cairicd out most of the tests
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nece,sary to improve the characteristics of experimental airplane types. It is believed
that it would he more advantageous for the general progress if the NACA were re-
lieved of the duty of testing and improving experimental types and could ccncentrate
on forward-ivoking investigations on questions of basic and applied science. The
testing and research for irninediate improvement of experimental types should be taken
over by the Air Forces and new facilities should be created which alizw ti.: carryiag
out of such tests on a large scale. The design of new facilities should take in'o account
the probable development in the next deczdes.

12.6  The air lines will be an important factor 1n any future warfare, since their
equipment and experieaced personnel constitute a valuable reserve for organized
transportation between the mainland and bases distributed over the world. H-nce, a
close conaection between the air lines and the Air Forces is necessary. In thic oper-
ational field, as in the field of airplaae and engine development, the natural develop-
ment is that the facilities of the Air Forces should be used for perfecting operational
methods, such as traffic control, landing aids, etc.

127 The follow.n; recomr:c:dations are .aziciore made:

a. Separation ot ivnd> and management of research and development coatracts
from procurement contracts.

/" b. Design of Air Forces facilities for applied research and development, both in
the field of technology and operations. on such a scale that they can ' ~ made available
1o the industry prodncing equipment and the companies engaged i1 .1 trensportation,
to carry out the research nccessary for the development desired by the Air Forces.

¢. Promising developments of the nonreveoue-producing type should be placed
in pilot-plant production to such an extent that the Air Forces can obtain a sufficient
aumber for tactical .valuation of the special equipment and devices to be used in case
of war.

d. Rapid expansion of production facilities for such iten.s should be adequately
provided for by the development contracts.
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ADEQUATE FAJILITIES IN THE AIR FORCES FOR
RESEARCH AND DEVELOPMIENTY

AN

13.1  Scientific research in the Air Forces embraces not only the application of the
physical sciences for production of efficient equipment, but should refer to all phases
of aerial warfare which require scientific thought and analysis. For exam ple. it should
include problems of a physiological and psychological nature. as well 2s the scientific
analysis of operations and methods of prognosis of the effects of planned operatioas.

.13.2  In the past, especiallv in the iast prewar years and during the war, the Air
Forces developed research and testing . quip-ment a: Wright Field fo. aircraft, ~« ines.
armement and other equipment, materials, and also for acromedicine and physiviogy.
At Eglin Field a proving grou~d was established for equipment to be tested under
field conditions and for the study of effects of means of destruction. These facilities,
in the light of future development, appear definitely inadeqaate, even from the purely

\ technical viewpoint of producing and testing efficieat equipmer

\
\

13.3  There is no doubt that electronic devices will play an incressingly important
part in all future Air Forces operations. In the past, the history of #'- ctronic applica-
tions has usually been that a device was developed for ground use, and then, some time
later, its value to the Air Forces was realized, and after suffering severe and prolonged
redesigning, it finally became useable in the sir. Almost invariably this process of re-
design was carried out by engineers with no real konowledge of the special problems
of sircraft. In other words, the areonautical engineers have had no appreciation of the
possible value of electronics in solving their problems, and the ¢lectronic engineers
have had no knowledge of the difficulties their equipment would expericnce on air-
craft. Flectronic equipment has been added to planes as sn afterthought, with con-
sequent difficulties of installation and operation. Even in the case of radsr, it was not
until 1944 that a group of radar scientist+ 2.l acronautical cngineers conferred for the
putpose of studying the uses of radar and discussing the problems of installing
radar equipmeat in planes.

134  Future coatrolled missiles are completely dependent ou. “lectronic devices.
Ther ~ust be designed by electronic and aeronautical engineers ». orking in close
cooi:ention. Instrument flying requires that the electronic equipment be designed
by persons familiar with aeronautical problems.

13.5  In the age of moderate speed airplancs with conveational engine-propells:

drive, it was pessible to carry vut cevelopment work on separate components. Super-
sonic airplanes and piiotless aircraft cannot be developed successfully by such methods.
Questions of aerodynamics, structures, propulsion, and contro! are clescly inte:con-
nected. The component parts of a guided missile canr- * e made to fuuction inde-
pendently any mose than can any one organ of the human body. Based on these con-
siderations, it is proposed that the Air Forces create new facilities, under one com-
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( mand, eatirely separated from procurement and supply, with the objective of develop.
\ 1ng supersonic and pilotless aircraft,

13.6 The Center for Supersonic and Pilotless Aircraft Development (SPAD)
should be equipped with .dequarc wind-tunnel facilities to attain speeds up to three
times the velocity of sound, with large enough test sections to accommodate meacls
of reasonable size, including jet propulsion units, and one ultrasonic wind tunnel for
exploration of the upper froatier of the supersonic speed range. Ample facilities for
the study of combustion and other characterisiics of propulsion systems at very high
altitudes should be provided. Electronic engineers should be given the necessary facil-
ities to study control methods, servomechanisms, and homing devices in close couper-
ation with aerodynamicists and propulsion experts. The Development Center should
also provide facilities for investigations of the human aspects of 3ight at supersonic
speed azd extreme altitudes. The facilities for experimental launching, Hight research,
and flizhe analysis should be integral purts of the Develnpment Cer.ter.

13.7  Itis believed thee the Air Forces progzamin the fieid of supersonic and pilot
less aircraft urgently needs the establishment of such a central organization to lead
the activities of the scientific i.stitutions and industrial companies to new horizons;
and, to make facilities available ¢z research and deve. .pme * work, ecessaty, beyond
a doubt, for maintaining our supremacy in the air,

13.8 It is proposed that research and .' veiopment in the field of aircraft oper-
ations, communications, and weather se1vice be conso'i 'a ¢Vinto a Center tor pur-
ational Aircraft Development (OAD), with rhe objective .. .pproachi+ = neideal of the
all-weather Air Forces, solving the problems of traffic control, fighter coutrol, and of
warning and location. This Center should be equipped with adequate laboratory
facilities for applications of radar and television technique. Experimental bases for
testing control and communication devices should be integreal parts of this Center.
It should cooperate closely with the air lines and the weltlﬁr service.

13.9 It is believed that the proving grcund at Eglin Field should be put in charge
of development of bombing devices and procedures, and study of bombing survey and
analysis methods.

13.10 It is proposed that a Center for Nuclear Aircraft Deveiopment (NAD) be
initiated, dealing v.v.ith problems arisiag in connection with ztomic bombs and the
use of atomic energy for aircraft propulsion.

13.11  The organizations and facilities suggested in this chapter cannot be created
in one vear, but must be developed gradually in coordination with the work of other
interested military and civilian agencies. On the other hand, it is my conviction that
unless the Air Forces begin systematically builtiag up developmeot centers with
competent personnel and adequate testing facilitics, they will unavoidably lose the
lead and initiative in fields whict in a few years will constitute the domains of their
most vital responsibilicies.

SUMMARY OF RECOMMENDATIONS
13.12  The following recommendations are therefore made:



a. Research and development in the f+id of aerodyaamics, propuision, control,
and electronics should function as on. ~atity.

b. A Center for Supersoni: and Piindess Aircraét Development (SPAD) should
be estblished, with adequate wind-tunacl, propulsion, ~ontrol, and electronic re-
search facilities.

c. A Censer for Qperational Aircruft Development (OAD) should be estublisbed
for research and development in the operational field, such as all-weather flight
problcms, communications, and fighter control.

d. A Center for Nuclear Aircraft Developmeat (NAD) should be initiated.

e. Eglin Field should be developed into a research and development center for
bombing technique, research on blast effects, and bombing survey and acalysis

methods. /
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INDICTION OF SCIENTIFIC IDEAS IN STAFF
AND COMMAND WORK

LONG-RANGE PLANNING

14.1  Scieotific planning must be years ahead of the actual research and deveiop-
ment work. Long-range planning should be the respcnsibility of the Commanding
General of the Air Forces. I believe there i- general agreement throughout the natior
that in the past decades the direct interest of the Commanding General in long-range
planning has been one of thc most importac: assets of the former Air Corps and the
preseat Air Forces. This philosophy <houlu bz preserved in the :uture. From this
point of view, it is advisable that a permane: 3cientific 2dvise.cy Group, consisting
of qualified officers and ew;~ent civilian sci-atirts, should be available to the Com-
manding General, reporting directly to hin n imporeat aew developments and
advising him on the planning of scieatific rusearch. It is considered that the advice
and contributiyns of persons who, although thorougnly familiar with the work and
the needs of the Air Forces, have their main wciivity ontside of the Army, would be of
considerable value. This group should conts s ¢:p 'ris with broad experience in the
various branches of science involved, who would represent a cross section of our
scientific thought. Their reports to the Comr 3ud’n, General would be used to ffeect
continuous revision of the Air Forces researcn ard dovelopment program.

MANAGEMENT OF RESEARCH AND DEVELOPMENT

14.2  The problem of the best organization of management and development is
a very difficult one. It cannot be expected that unsnimous sgreement can be reached
on this question. The plan for management of research and development is & sore
point in all large organizations or corop: nies. It mostly undergoes periodic changes,
which emphasize one or the other side of the question, ranging from separate and
almost indeperident research laboratories to decentralization of research and develop-
ment’ MGpendng units. In the special case of the Air Forces, two solutions have
been proposed: (1) the establishment of one Air Staff seciion for research and develop-
5 :2., 3nd (2) a supervising and directing sgency sttached t, e office of the Chief of
Air Staff. Both solations have advantages and disadvantages. Obviouely it viould be
extremely difficult to remove the actual operiuon of all rescarch and developement
facilities from all the various existing seaff sections and concentrate them in one nzw
section. On the other haod, the : cntral supervising and directing agency would have
s hard task introducing new ideas into the operation of s large number of dispersed
sections and comnands cngaged iu research and developmeat.

14.3  Independently of the special form of mnmg-;mem of research zand deveiop-
ment, the office in charge of direction and supervision of research should establish



panels consisting of representatives of other agencies engaged in aercnautical and
related rescarch, for example, the National Advisory Committze for Aeronautics, the
National Bureau of Standards, the Civil Aeronautics Administration, the aircraft in-
dustry, the air lines, scieatific institutions, and individual scientists. These panels
should ass:st in fcrmulation of the detailed research program #ad the ckoize ni he
agency, institution, or individual best fitted and available to carry out the desired
research work.

SCIENTIFIC INYELLIGENCE

14.4 Scientific intelligence is oax of the important rcquirements for the future
Air Forces. In the recent past thie nzcessity for an organized scientific intelligence
service became more and mozc evident 3- the war proceeded, and it became an urgent
necessity &s Germany collapsed. Fortunately, at thai ime 2 grea: uamber of scientists
and technicisns could be made available to the Air Forces on a voluntary basis. In this
w.y the information guined from Germany could be worked up in a1 appropriate
manner. However, at the presc ~t time, only a few months later, no more such personnel
is available. The supervision of iuture German scientific work, for example, is still
lacking scieatific help.

143 Scientific intelligence starts at home. The example of the atomic bomb show
that scientific discoveries of prominent military importance were made by pure
scientists who had no connection with any military office or establishment; as a matter
of fact, they were not interested in military spplications. Hence, it will be necessary
for the Inteliigence Service to employ scientific personnel with broad interest and
knowledge, who have the ability to recognize the military aspects in the scientific
production of our theoretical and experimental scientists, university, and industrial
lai:oratories. The screening of patents and inventive ideas presented to the military
agencies, as it has been done in the past, will not be sufficient. The Intelligence Service
needs permanent collaborators who pursue the scientific literature, artend meetings,
visit scientific establishmeats, and report their findings and suggestions periodicaily.
In peacetime much tact will be necessary to accomplish such efficient inteiiigence
service, because of the commercial int.rests involved and the natural inclination of
scientific men not to talk about their results before the finai rounding up of their work.

14.6 Sciemific intelligence in foreign countries is, of course, a much more difficult
matter. One can distinguish between scientific intelligence on subjects which are
op- 1 -0 duscussion and on subjects which are classified. I he'ieve that all knowledge
of scientific life in a foreign country is of great importance since, after all, the same
scientific personalities who create the pesceur:s ucience of & country will be called
upon to help their country in wartime. Therefore, it is strongly recommended chat th:
Air Forces: (1) have scientific at:z "hes in embassies and legations in various countries;
(2) send scientifi<aiiy trained officers, engineers, or consultants of the Air Forces to
scientific mcetings anc congresses rbroad; and (3) send personze! connected wich
the Air Forces for longer periods to study st foreign icet .utions.

14.7 The intclligence services concerned with subjects which a foreign country
joes not want us to know, will use the methods which were successful in geceral
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military »ntelligence. However, it is imperative to have 4 scientific section 1o the In-
telligence Secvice which will direct the search for and exploit the results of scientific
data. It is imperative that we Liave knowledge, in advance, of all potential targets
which could be of importance in scientific warfare, unless a compiete exchange of
scientific and technical uatz, us proposed recently by Great Britain, extends =veor the
whole world.

SCIENCE IN PLANS AND OPERATIONS

14.8  The Air Forces entered into World War 11 with quite inadequate preparation
as far as the prognosis and analysis of the results of missions were concerned. Analysis
groups were assembled during the war, and opinions concerning the relative im-
portance of targets were widely different. We now have the experience of a long war.
The work done by nrganizations such s the U.S. Strategic Bombing Survey gives
material for discussion and for planning future applications. Of course, in & futurc war
bombs and bombers will be different; missiles and atomic energy involve rudicki
changes. However, it cannot be sufficiently emphasized that it would be a gieat mis-
take, after dissolving the grouy. “+hich worked on analysis of operations, to discon-
tinue the analytical work itself. It is believed that the staff sections desiing with plan-
ning and operations should be equipped with adequate scientiiic personnel to beable to
continue studies on methods of target analysis, operational analysis, and the like. It is
necessary to have in peacetime a nucleus for scientific groups such as those which
successfully assisted in the command and staff work in the field during the war. In
these studies experts in sutistical, technical, economic and political science must
cooperate.

PERSONNEL POLICY

14.9  Itis believed that many shortcomings of research and development in the Ai¢
Forces originate from a lack of appreciation, at higher levels, of the qualifications
necessary for successful direction of a labocatory ora proving ground. The theory that
an intelligent officer is able to direct any orgunization, military, techaicl, or scientific,
is certainly obsolets. An cffice: fu charge of & lsboratoty or proving ground can be

! really useful only if he holds the position for a sufficient time to become thoroughly

acquainted with the subject matter and personnel. Officers with engineering training
on engineering duty must not be handicapped, as regards promotion, because of long
tenu-e.of the same assigament or time spent in acquiring advanced education.

14.10  ‘The position and rank of officers respcasible for research and development
must be made commensusate with the importaicc of their werk and achievement and
must not depend on the size of the organizations under their command.

1 14.11  The level of civilian persounel eagaged in research and development work

must be raised by suthoriziug the Air Forces to hice or dismiss civilian scientific per-
sonnel outside of the Civil Serivce. Also, methods of appointment, coizpensation, peet

' management of civilian scientific personnel uader the L.vil Service must be freed from
' those restrictions of the Civil Service regulations which make the government service



unattractive (o first-rate scientists. In this connection, a separate branch of the Civil
Service for scientific parsonne! would be of value.

SUMMARY OF RECOMMENDATIONS

14.12 The following recommendations are therefore made:

a. A permanent Scientific Advisory Group should be available to the Command-
ing General, to advise him on questions of long-range scientific planning.

b. The office in charge of research and development should establish reseasch
panels for coordinatio. of Air Forces research with that of government agencies and
other scientific institutions.

. Scientific intelligence at home and abroad should bz strengthened by includ-
ing scientific personnel in the intelligence Service, appointing scientific attaches
abroad, and frequently sending scientifically-trained officets or civilians to meetings
and for study in foreign countries.

d. Operationai x. lysis and target studies should be continued in peacetime, with
adequate scientific personnei.

e. Offi. ers in charge of laboratories sh_uld keep such positions long enough to
be really nseful, without being handicapped in promotion by long tenure of such
assignments.

f. Position and rank of officers responsible for research should be determined

! hy the importance of their work and not. by the size of the organizations under their

comu.and.

g Appointment and compcasation of civilian scieatific personnel should be
freed from Civil Service regulatiors, to enable the Air Forces to employ first-class
scientists and engineers.
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SCIENTIFIC AMD TECHNOLOGICAL YRAINING
OF AIR FORCES PERSONNEL

15.1 The discussion in this section refers only to the scientific and technological
training of Air Forces oflicers. The specific training of mechanics, radio operators,
electronics technicians, and the like, is not considered. It is believed that in addition
to utilizing civilian consultants in various advisory capacities and civilian scientists
and eaginec:s in the Civil Service, the Air Forces must organize a broad training pro-
gram for officers in various fields of science and engineering. New scientific discoveries
will continually have a profound influence on the concepts of air warfure, and the Air
Forces must be flexible and capable of adjusting themselves to thse new concepts. This
requires, above all, that it Air Forces be permeated by officers who have the training
_which will make t‘h_(il—n—f![—)_ﬂkl_'.- i evaluating scientific facts with_good technical judg-

B
meat and vision.

TRAINING FOR AIR STAFF WORK

15.2 Practically all sections of the Air Staff are confronted with problems involving
the application of science. Therefore, it is desirable that future Air Staff officers have an
understanding of the capabilities of science and an appreciation of scieatific thought.

/ Therefore, it is proposed that a certain aumber of young officers be selected and given
scientific training for future Air Staff work. Two years of special teaining at scientific
institutions should be given these officers, in a branch of science cbosen by them. The
aim of this education skouid be training of the mind and acquaintance with scientific
results, rather than specialized knowledge and routine skill. At intervals of about five
years, one-year refresher courscs should be inserted. The scientific trainiug would be
in addition to military training for stafl duties, which is given at such places as the
Army War College, the Comp.a.ad and General Staff School.

TRAINING FOR RESEARCH AND DEVELOPMENT

-o. A certain number of officers should be given speciz'ized scientific technolog-
icai training in the branches of watheiatics, physical sciences, snd engineering, wkich
are of vir '~ .erest for development of equipwent and of :rational methods. This
!'tuining R . be accoiaplished at scientific institutions. ts main objective should he
not so much the education of rescarch men in the proper sense, a5 t0 give futuce officers
engaged in, or in charge of, research and development an intimate knowledge of the
capabilities and limiaticos of scieace and accustem then: +n werking in coorcration
with scientists and scisntifc instituions. It is very impnrr o futirre scicotiin
training, a broad variety of sciences which have applict ~es problzn.s
be taken into account. A proper belance must be est . aeronaviics
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proper, thermcdynamics, electronics, auclear physics, meteorc’ngy, aeromedicine,
ecopomics, etc. These officers can best be recruited through the Air Forces ROTC.
Exceptionally brilliant students (about 20 percent of the total number taken) should be
pesmiued iv couiioue their  cholastic training until they have an M.S. degree and then
be put on active duty for about three years. This will give them an opportunity i uti
themselves in the type of work they are best suited for in the Air Forces. After thsy,
they should return to college for s period of two y=ars, or long enough to get a Ph.D.
degree. Thic would produce a supply of ofhcers with an intimate knowledge of several
fields of science. This is essential to finding the best compromises when military re-
quirewents produce conflicting design problems involving more than one field of
science. The remaining 80 percent of those studeats selected through ROTC would go
or - service after obtaining a B.S. degree and would return to college, after about
three years of active service, long enough to obtain an M.S. degree.

15.4  All officers engaged in research and development miust be given repeat
scientific training for a period of one year at intervals of abou five yesrs. Thi- training
can be given st scientific instimtions, or by assigning the officer to work a3 aa engineer
at one of the research laboratorie; w~rking on Air Forces problems.

15.5  Every effort should be made to retain in the Air Forces those research and
development officers who have already received added scholastic training at govern-
ment expense during the w-r. Flyiag training in grade should be provided for those
who are not pilots at the present time, but who desire flight training and can qualify
for it. Training a pilot is a much simpler job than training an engineer. It does not
appesr ressonable to concentrate ou trying to make engineers out of pilots at the: Air
Forces Engineering Schocl, while at the same time refusing to give good engineers a
chance to become pilots because they have not been members of combat sircrews.

TECHNICAL SCHOOLS IN THE AIR FORCES

15.6  The main objective of the technical schools in existence or to be established
in the Air Forces should be training for procurement, maintenance, and ~peration of
equipment. While these schools should give a short review of the fundamentals of the
sciences involved, they shouid concentrate their efforts on the transmittal of practical
knowledge and skill. Exceptionaily brilliant graduates of the Air Forces technical
schools should be selected for further scientific training in civilian schools.

SUMMARY OF RECOMMENDATIONS

15.7  The following recommendations are therefore made:

a. A certain number of young officers should be selected and given special traic-
ing at scientific institutions in preparsiion for future Air Staff work.

b. Technical officers recruited throughcut the Air Furces ROTC shoulu be given
advanced scientific training up to the level required for an biS. degree, in a broad
variety of sciences which have applications to Air Forces problems.



SICRET

¢. Additional training sheuld be given 20 percent of the fficers referred to 1o
the preceding recomniendatior. to qualify them for a Ph.D. degree.

d. All {iiure Air Staff and technical officers who receive scientific train"ug s. 5.:1d
be given one-year refresher courses at intervals of five years.

e. Every effort should he made to retain in the Air Forces those iesearch and
development officers who received scholastic training at government expense during
the war

f. Flying training shculd be opened immediately to those officers with scientific
training who, regardless of combat experience, otherwice qualify.

8- The AAF Engineerirg School shall be buil*  ~ iu such a way, that fundamentals
of the sciences involved in AAF problems shs' inciuded in the curriculum. Ex.
ceptionally able graduates shall be selec~d fo 'r scientific iraining in civilian
educationa! inetitutions.
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CUBJECT

DEPARTMENT OF THE AR FORCE
HEADQUARTERS uUniTED STATES AIR FORCE
WASHINGYON, D.C.

9 January 1967

AFBSA

Von ¥ -man Report

Defense Documentation Center {DDC-TC)
ATTN: M. B. Kahn

Cameron Station

Alexandria, Virg‘nia 22314

1. Reference attached DDC-T letter, subJect as above, dated 1& January
1967, enclosed is printed final copy of "Toward New Horlzons--Science,
the Key to Air Supremacy." Per previous agreement between DDC and

the USAF Scientific Advisory Board, this volume is being made available
to you for microfilming and incorporation in your official filest It
iz recommended that the DRAFT version of this document now on wusnd at
DIC be dcstroyed or otherwise retired to prevent future issue.

2. Upon your completion o1 i.ls project it is requested that the en-
clobed volume be returned tn this office.

&ARD, Lt Colonel, USAF 2 Atch
Assistgnt Executive , l. DDC-T ltr

2. "Toward New Horizons--Science,
the Key to Air Supremacy"

USA¥/Abcientific Adviso

3
Underwrite Your Country’s M ot - Buy U.S. Savin_ s Bonds
.- ﬁ‘ .
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RIPY YO
ATTN OF

BUBIECT:

DEPARTMENT OF THE AIR FORCE iy
HEADQUARTERS UNITED STATES AIR FORCE ,";; e
WASHINGTON, D.C.

23 December 1966
AI'BSA

Von Kerman Roport

Administrator
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1. Rel'erence is made to telephone conversation of 20 December 1966

between Lt Colonel Howard of the USAF Scientific Advisory Board
Secretariat and Mr. Kahn, Chief of DDC Accessicn Divicion.

2. On several occasions, thie office hat nad need to request DDC
reprint service for volumes of Dr. Theodore Von Karman's 1945

study "Toward New Horirons." Subsequent review of the DDC reproduced
coples furnished has revecaizd the document on file in your library to
be a double-spaced "final draft" version of the Von Karman report and
rot the final copy &s published in hard cover form.

3. Although the Von Karman publication is novw more than 21 years old
it nevertheless remains in constant demand and has proven to be an
Alr Force document of very significant historiecal value. This office
vbich has one of the last remaining hard cover s2ts of the report,
receives frequent requests for copies of the docuvment.

L, It is prcposed that the USAF Scientific Advisory Bourd furnieh ID’,
on a loan basis, its hard cover set of the Von Karman report in order
thst necessary microfilm masters can be made and placed in your cusio «:
service files. The draft versions pow on hand in DDC should then be
withdrawn and destroyed to prevent further issue of this incomplete
version. It will be necessary, however, not to mutilate the loancd
copies since they must be returned to the permanent records of this
organization.

5. Upon your approval of the recommended new reprint action, this
office will meke nececsuiy arrangements to deliver our hard cover
copies to the DIC office element designated by you.

7
{ Y‘ LXTC R / ‘.
. HOWARD, Lt Colonel, USAF Atxh
Asais ant Executive Becretary DDC ATI Reference X¢
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